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Prox, proximal; Dist, distal; Palmar, palmar surface; 
Dorsal, dorsal surface. 
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Figure 3.26: Branching pattern of the superficial branch of the radial 
nerve (SBRN) Type II. (A) Type II A. (B) Type II B (C) 
Type II C. (D) Type II D. (E) Type II E. CT, common 
trunk; LABCN, lateral antebrachial cutaneous nerve; pins 
indicate the location of the radial styloid process. Prox, 
proximal; Dist, distal; Palmar, palmar surface; Dorsal, 
dorsal surface. 
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Figure 3.27: Branching pattern of the superficial branch of the radial 
nerve (SBRN) Type III. (A) Type III A. (B) Type III B (C) 
Type III C. (D) Type III D. CT, common trunk; pins 
indicate the location of the radial styloid process. Prox, 
proximal; Dist, distal; Palmar, palmar surface; Dorsal, 
dorsal surface. 
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Figure 3.28: Branching pattern of the superficial branch of the radial 
nerve (SBRN) Type IV. Prox, proximal; Dist, distal; Lat, 
lateral; Med, medial. 
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Figure 3.29: Branching pattern of the superficial branch of the radial 
nerve (SBRN) Type V. Prox, proximal; Dist, distal; Lat, 
lateral; Med, medial. 
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Figure 3.30: Branching pattern of the superficial branch of the radial 
nerve (SBRN) Type VI A. (A) Lateral view of Type VI A. 
(B) Dorsal view of Type VI A. Prox, proximal; Dist, distal; 
Med, medial; Lat, lateral; Palmar, palmar surface; Dorsal, 
dorsal surface. 
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Figure 3.31: Branching pattern of the superficial branch of the radial 
nerve (SBRN) Type VI B. (A) Lateral view of Type VI B. 
(B) Dorsal view of type VI B. CT, common trunk; pins 
indicate the radial styloid process. Prox, proximal; Dist, 
distal; Lat, lateral; Med, medial; Palmar, palmar surface; 
Dorsal, dorsal surface. 
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Figure 3.32: Branching pattern of the superficial branch of the radial 
nerve (SBRN) Type VI C. (A) Lateral view of Type VI C. 
(B) Dorsal view of type VI C. Prox, proximal; Dist, distal; 
Lat, lateral; Med, medial; Palmar, palmar surface; Dorsal, 
dorsal surface. 
 
 
186 
XVII 
 
Figure Page 
number 
Figure 3.33: Branching pattern of the superficial branch of the radial 
nerve (SBRN) Type VI D. This type was found in cadaver 
number 896 right and left hands, pictures were lost and 
the sketch was prepared based on the sketches taken 
from the two hands the type was found. 
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Figure 3.34: Superficial branch of the radial nerve (SBRN) 
communicating with the lateral antebrachial cutaneous 
nerve (LABCN) (A). The rectangular area outlined in (A) 
is enlarged and shown in (B). Prox, proximal; Dist, distal; 
Palmar, palmar surface; Dorsal, dorsal surface. 
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Figure 3.35: Lateral view of a special case of the lateral antebrachial 
cutaneous nerve (LABCN) entirely supplying the lateral 
side of the thumb. The medial side of the thumb is 
supplied by a branch of the superficial branch of the 
radial nerve (SBRN) after communicating with the 
LABCN (A). The rectangular area outlined in (A) is 
enlarged and shown in (B). Bold arrow indicates the 
communicating branch between the LABCN and the 
SBRN; Palmar, palmar surface; Dorsal, dorsal surface; 
Prox, proximal; Dist, distal. 
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Figure 3.36: Dorsal communicating branch (CB) between the 
superficial branch of the radial nerve (SBRN) and the 
dorsal branch of the ulnar nerve (DBUN) Type I. (A) 
Type I A. (B) Type I B. (C) Type I C. The arrow head 
indicates the CB. Prox, proximal; Dist, distal; Lat, lateral; 
Med, medial. 
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Figure 3.37: Dorsal communicating branch (CB) between the 
superficial branch of the radial nerve (SBRN) and the 
dorsal branch of the ulnar nerve (DBUN) (A) Type II. (B) 
Type III. The arrow head indicates the CB; Dist, distal; 
Prox, proximal; Lat, lateral; Med, medial. 
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Figure 4.1: The six zones where the palmar cutaneous branch of the 
median nerve (PCBMN) is most likely to be entrapped as 
described by Al-Qattan (1997). (A) The PCBMN is bound 
to the main trunk of the median nerve; (B) The PCBMN 
detaches from the median nerve; (C) medial sheath of the 
flexor carpi radialis (FCR); (D) within the PCBMN 
tunnel; (E) in relation to the distal margin of palmaris 
longus (PL); (F) the PCBMN subcutaneous course prior 
to innervating the skin (Al-Qattan, 1997). 
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Figure 4.2: Risk area of where the palmar communicating branch is 
most likely to be found with reference to the wrist crease. 
Full range is shown by light blue area, 80% of the samples 
are located in the area indicated by the red box.  
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Figure 4.3: Risk area of where the palmar communicating branch is 
most likely to be found with reference to the bistyloid 
line. Full range is shown by light blue area, 80% of the 
samples are located in the area indicated by the red box. 
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Figure 5.1: Risk areas in the palm. (A) Risk area representing the 
location of the division points of the common digital 
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Summary 
With the increase of hand pathologies in the last decade, the need to better understand the 
anatomy of the hand is becoming more vital. The cutaneous innervation of the hand is 
classically described to be supplied by palmar cutaneous branch of the median nerve 
(PCBMN), common digital nerves (CDNs), ulnar nerve (UN),  palmar cutaneous branch of 
the ulnar nerve, dorsal branch of the ulnar nerve (DBUN), superficial branch of the radial 
nerve (SBRN) and occasionally the lateral antebrachial cutaneous nerve (LABCN). 
Although the sensory distribution of the hand has been described in the literature, reports 
have often shown contradicting views and occasionally different or incomplete 
descriptions. Furthermore, clinical procedures in the hand and wrist can result in painful 
and/or disabling postoperative complications. This thesis outlines, categorizes and 
describes the distribution and branching patterns of cutaneous branches supplying the 
palmar and dorsal surface of the hand and their relationship to the distal area of the 
forearm and wrist. It also investigates the palmar and dorsal communicating branches, 
their patterns and common locations. Moreover, the project discusses the impact of the 
distribution and branching patterns of the cutaneous nerves on surgical and diagnostic 
procedures performed in the hand, wrist and distal forearm. 160 cadaveric hands were 
dissected in the Centre for Anatomy and Human Identification (CAHID), University of 
Dundee. All cadavers were musculoskeletally mature adults with mean age of 82.5±9.4 
(range: 53-101) years. Skin was removed from the distal half of the forearm to the 
metacarpophalangeal joints. Nerves under investigation were identified, dissected, and 
traced. Sketches, photographs, and measurements to predefined landmarks including the 
wrist crease (WC), bistyloid line (BSL) and the third metacarpophalangeal (MCP) joint 
were taken and results expressed as means, standard deviations and ranges. Patterns are 
classified and expressed with frequencies. The PCBMN was found to originate from the 
main trunk of the median nerve (MN) 54.1±15.7 mm proximal to the WC and course 
distally between flexor carpi radialis and palmaris longus (if present) to innervate the 
proximal palmar surface of the hand by branching into one of three types identified. 
Furthermore, two PCBMN were found in 8.9% of cases. The second, third, fourth CDNs 
were found to divide into proper digital nerves at a point located distal to the 70% of the 
distance between the third MCP joint and the BSL in 88% of cases. The cutaneous 
innervation of the palm was found to be relatively constant with the lateral 3½ digits being 
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supplied by the MN and the medial 1½ being supplied by the UN. A palmar CB was found 
between the third CDN-MN and fourth CDN-UN in 86.9% of the cases coursing in 
different patterns and changing the palmar sensory innervation of that previously 
described. The sensory innervation of the dorsum of the hand was variable. The most 
common pattern was being supplied by the SBRN innervating the lateral dorsal skin and 
the skin covering the lateral 2½ digits and the DBUN innervating the medial dorsal skin 
and the skin covering the medial 1½ digits found in 37.3%. All radial supply to the dorsum 
of the hand with the absence of the DBUN was found in 6.7%. The SBRN connected with 
the LABCN in 30.7% and with the DBUN in 26.4% complicating the sensory innervation in 
the dorsum of the hand. Understanding the cutaneous innervation of the hand, 
appreciation of the possible variations and presence of communicating branches will result 
in a better evaluation of signs and symptoms, establishing a proper therapeutic plan, 
avoiding iatrogenic injuries during surgical interventions, and properly diagnose 
postoperative complications leading to an increased quality of medical service and patient 
satisfaction.     
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Figure 1.1: An illustration of a cross section of the hand at the carpal tunnel level 
showing the different compartments, spaces and fascia in the hand 
(Agur et al., 2008; figure 64, page 562). 
1.    Introduction 
The human hand is a unique and complex structure. Hand injuries, trauma and 
pathology account for a considerable amount of health care problems. It is only natural 
that the hand has received a lot of attention in the literature as its relatively small size 
and high density of structures create delicate and close anatomical relationships 
(Figure 1.1). Understanding hand disease processes and treatment planning requires a 
detailed knowledge of hand anatomy and a high appreciation of the anatomical 
relationships between structures in the hand. 
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Understanding the anatomy of the hand starts from the skin. Its dorsal and palmar 
superficial landmarks provide the basis for surgical planning and hand pathology 
assessment. In 1968, Kaplan introduced a unique system exploring the hand’s 
superficial landmarks and their relationships to deeper structures. Kaplan’s system is 
still used today and is considered a useful surgical map during surgical incision 
planning. Other bony landmarks, such as the ulnar and radial styloid processes, are 
used in clinical and research settings as they are easily palpable and relatively constant 
among different individuals. However, with so many landmarks in the hand and wrist 
area, how each affects anatomical morphometry is of interest.    
The cutaneous innervation is an important aspect to consider during the planning of 
surgical approaches and anaesthesia. The literature describes the innervation of the 
hand to be by the median nerve (MN), ulnar nerve (UN), radial nerve (RN) and 
occasionally the lateral antebrachial cutaneous nerve (LABCN). The palmar cutaneous 
branch of the median nerve (PCBMN) innervates the proximal two-fifths of the 
midpalmar surface. It has received a lot of attention in the modern literature consistent 
with the evolution of surgical carpal tunnel release techniques. With relatively limited 
sample size anatomical studies, the course and branching patterns of the PCBMN have 
been outlined, with many recommendations for ideal incision sites to minimize 
postoperative complications. With many reports and different recommendations, a 
better understanding of the cutaneous innervation of the palm may increase patient’s 
postoperative satisfaction and lead to fewer complications. 
The digital nerves innervate the distal three-fifths of the palm and the palmar surface of 
the digits. The first, second and third common digital nerves (CDN) arise from the MN 
after it passes through the carpal tunnel, whereas the fourth CDN and the proper 
digital nerve (PDN) to the medial side of the little finger arise from the UN after it 
3 
 
passes through Guyon’s canal (ulnar canal) extending from the proximal edge of the 
palmar carpal ligament to the fibrous arch of the hypothenar muscles in the medial side 
of the palm (Gross and Gelberman, 1985). The point of division of the CDN into PDNs 
has not been well investigated. Furthermore, the communicating branches (CB) 
between the MN and the UN can cause sensory alterations affecting the typical signs 
and symptoms of hand pathology; and when injured can complicate surgical procedures 
such as carpal tunnel and flexor tendon release. The literature has differing reports of 
the incidence rate of the CB and the most common branching patterns. Knowledge of 
the most common location and branching patterns of the CB will help to better plan 
therapeutic and diagnostic procedures to minimize iatrogenic injuries in the area.    
The dorsum of the hand is supplied by the dorsal branch of the ulnar nerve (DBUN), 
the superficial branch of the radial nerve (SBRN) and occasionally the LABCN. The 
DBUN is classically described as innervating the medial dorsal skin of the hand and the 
skin covering the medial 1½ digits. The course of the DBUN puts it in risk during wrist 
arthroscopy and any procedure that requires a direct approach to the ulna such as open 
reduction and internal fixation, ulnar lengthening and shortening procedures, delayed 
union or non-union of ulnar fractures. It is also important to understand the course of 
the nerve to properly prepare and harvest neurocutaneous flaps.  
The second nerve innervating the dorsum of the hand is the SBRN which supplies the 
laterodorsal surface of the hand and the skin covering the lateral 3½-2½ digits: it has 
many configurations. Due to its course in the distal forearm and wrist; and the 
variability of its position and branching patterns, it is vulnerable to injuries due to 
trauma or iatrogenesis. Many therapeutic and diagnostic procedures are conducted on 
the distal forearm and wrist area including fixation and reduction of distal radial 
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fractures, wrist arthroscopic procedures, de Quervain’s syndrome release, radial artery 
harvest and cephalic vein cannulation. Understanding the anatomical course of the 
SBRN and its relationship to other structures in the distal forearm is not only 
important to ensure safe clinical practice; but also to create opportunities for the 
development of new medical techniques and applications.   
Although described in the literature, the innervation territory and the pattern of 
distribution in the dorsum of the hand differ greatly among authors. Anatomical 
variations, communicating branches and most common patterns of distribution are not 
well described nor have the associations between the nerves or other anatomical 
structures in the dorsum of the hand been fully investigated. Furthermore, there are 
contradicting reports about the incidence of communicating branches between the 
nerves that supply the dorsum of the hand and their common locations. Description of 
the most common patterns of innervation and variations to these patterns in respect to 
well-known anatomical landmarks can greatly help in clinical settings. It will also aid 
in better evaluating electrophysiological studies, to properly diagnose and plan 
treatment, and safely intervene, if required.    
The current study investigates the cutaneous innervation of the hand focusing on the 
PCBMN, CDNs, UN, SBRN, and DBUN. It describes their anatomical course, details 
their common patterns of distribution and discusses their significance in clinical 
settings. The study aims to fill the gap in the literature to better understand the 
cutaneous nerve supply to the hand and appreciate the relations between the nerves 
and other anatomical structures in the distal forearm and wrist. 
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1.1. The development of the sensory innervation pattern 
The sensory innervation is organized segmentally where a region of skin (dermatome) 
is supplied by axons derived from a dorsal root ganglion and carried through one or 
more cutaneous nerves (Scott, 1992). The cutaneous fibres from each dorsal root 
ganglion grow precisely and accurately along marked pathways to their target region 
by receiving guidance from two sources: general and specific cues. The general cues 
channel general populations (different cells) down a common pathway; whereas, the 
specific cures are directed toward a particular population of cells directing them 
towards the appropriate target region (Tosney and Oakley, 1990; Scott, 1992). The 
following is an overview of the general and specific cues that direct the growth of 
dermatomes; however, as far as can be ascertained, the exact influences and processes 
of the development of the cutaneous innervation of the hand in humans (the nerves 
investigated in this study) were not fully investigated in the literature. 
Tosney and Oakley (1990) reported that nerves avoid some regions and are attracted to 
others suggesting that the regions favourable for axonal growth are adjacent to 
relatively inhibitory regions. In the chick embryo, growing axons avoid perinotochordal 
mesenchyme and are attracted to the dorsal-anterior sclerotome establishing the 
dorsal-ventral position; they avoid the posterior sclerotome and are attracted to the 
anterior sclerotome establishing the anterior-posterior position of the spinal nerves; 
they avoid the growing pelvic girdle and are attracted to the plexus mesenchyme 
establishing the nerve trunk position (Tosney and Oakley, 1990; Scott, 1992). The 
inhibitory and/or permissive characteristic of a region is controlled by complex cellular 
interactions, phagocytosis, cell death with a molecular basis providing a relative 
balance of substances guiding the sensory neuron (Tosney and Landmesser, 1985; 
Goodman and Shatz, 1993; Kitsukawa et al., 1997).   
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Specific cues guiding the sensory peripheral fibres include the interactions between 
sensory axons and other sensory and motor axons. However; studies have also shown 
that cutaneous nerves were still able to grow in their approximate normal locations in 
chick embryos with motorneurons precursor removed (Scott, 1988). These results 
suggest that although motorneurons can provide cues to direct sensory axons, they are 
not essential (Scott, 1992).  
Skin movement is also thought to affect the orientation and growth of sensory axons. 
Some studies suggest that axons from each dorsal root ganglion innervate skin 
embryologically derived from the same ganglion root. Scott (1982) suggested that 
sensory axons are specifically matched with the corresponding skin region creating 
dermatomes with specific boundaries and little overlap. However; the literature 
presents different dermatomal maps which can be attributed to the different methods 
used in different studies to define dermatomes being behaviour response or electrical 
neurophysiological response studies. Another reason for the inconsistency in 
dermatomes boundaries is the overlap of skin areas supplied by nerve fibres of adjacent 
dermatomes (Werner and Whitsel, 1967; Lee et al., 2008).  Furthermore, as the skin and 
limb grow, nerve endings enlarge and grow, which can affect the orientation of the 
dermatome.   
Attraction of axons to targeted epithelium is another mechanism where embryonic skin 
is thought to secrete neurotropic agents, other than nerve growth factor, that attracts 
cutaneous axons and thus acts like specific cues guiding cutaneous axons to their 
targeted region early in development (Lumsden and Davies, 1983). Skin epidermis has 
also shown inhibitory influences on axonal growth according to studies conducted on 
chick embryos (Scott, 1982; Martin et al., 1989).  
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Another specific cue is thought to be administered by the association between sensory 
axons and Merkel cells (Scott, 1992). Nerve growth factor is required for normal axonal 
growth and development: one source of nerve growth factor are Merkel cells. Merkel 
cells are thought to be a regulator of the density and distribution of nerve endings (Vos 
et al., 1991).  
Although dermatomes are areas of skin innervated by one dorsal root ganglion, fibres 
can be carried through different nerve trunks. As the nerves enter the skin through 
different points, they can compete for skin via different mechanisms, and thus create 
different innervation patterns between individuals or even between the different sides 
of the same individual (Diamond, 1981; Scott, 1982; Scott, 1992).   
Furthermore, the full growth and form of a human being is a result of different 
interactions between the developing individual, which is directed by genes, and its 
environment. In the early phase of development, the embryo’s development and growth 
is sensitive to environmental cues that can modify, interfere or even disrupt its 
development (Gluckman et al., 2005). The effect of the environment is clearly evident in 
the different fingerprints between identical twins (siblings with exactly the same 
genotype), between the two hands of the same individual and even between the 
different fingers of the same hand. Such differences are obtained during the 
differentiation process of the skin and are caused by the different flow of the amniotic 
fluids around the fetus and its position in the uterus during differentiation of skin. 
However, fingerprints are expressed from the same gene therefore the resulting pattern 
will not be totally random but will retain some similarities (Jain et al., 2002).  It is 
possible that environmental cues can influence the orientation and the distribution of 
nerves creating different patterns among individuals or even between the different sides 
of the same individual. 
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Figure 1.2: The internal organization of the peripheral nerve (Moore et al., 2011; 
figure 1.21, page 33). 
1.2. Peripheral nerves internal anatomy and injury 
 
 
 
 
 
 
 
 
Peripheral nerves connect the peripheral structures of the body to the brain and spinal 
cord (central nervous system) allowing for continuous reactions to the changes in the 
external and internal environments. With a variable mix of fibres being myelinated or 
unmyelinated, somatic or autonomic, the peripheral nerves are organized into bundles 
enclosed in three sheaths of connective tissue (Moore et al., 2011).  
The nerve fibre consists of an axon, neurolemma and an endoneurium. An axon is a 
single process that carries impulse away from the neuron’s cell body: it is surrounded 
by the cell membrane of Schwann cells, called neurolemma, separating it from other 
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axons. Myelinated nerve fibres have a myelin layer produced by a continuous series of 
Schwann cells enclosing and spiralling each individual axon. Each segment of myelin is 
about 1-2 mm long and is separated by gaps called nodes of Ranvier (Figure 1.2). 
Unmyelinated nerve fibres consist of several axons (up to 15) embedded separately in 
the cytoplasm of a non-myelin producing Schwann cell constituting a Remak fibre. 
About 75% of axons in cutaneous nerves and dorsal spinal roots are unmyelinated. Each 
nerve fibre is surrounded by a delicate connective tissue sheath called the endoneurium. 
It contains closely packed, fine, and mostly longitudinally arranged collagen fibres 
(Waxman et al., 1995; Wilkinson, 1998; Moore et al., 2011).    
Several nerve fibres are grouped together to constitute a fascicle which varies in size 
between 0.04-3.5 mm. Each fascicle is enclosed by the perineurium, a relatively thin but 
dense and distinctive layer of fibrous tissue (Figure 1.2). The perineurium contains 
circular, longitudinal and oblique bundles of collagen fibres protecting and resisting 
tension to the nerve fibres, providing a barrier to prevent foreign substances from 
penetrating them, and maintaining homeostasis of the endoneurial fluid of the nerve 
fibres it encloses (Sunderland, 1965; Stewart, 2003; Moore et al., 2011).   
A number of fascicles are embedded in connective tissue, called epifascular epineurium, 
separating and holding them loosely together; however, it thickens in its outer layers to 
form the epineurial epineurium. It contains collagen and elastic fibres that mostly run 
longitudinally, adipose tissue, blood vessels (vasa nervorum) and lymphatics. The 
epineurium varies in amount along the length of the nerve, between nerves, and 
between the same nerve at corresponding levels of the two sides. It protects the 
fascicles against deforming forces by providing a loose matrix which allows stretching 
of the nerve to accommodate the various moments of the joints without straining the 
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fascicle (Sunderland, 1965; Moore et al., 2011; Kiernan and Rajakumar, 2014) (Figure 
1.2).   
The blood supply to the nerve is arranged as a vascular plexus that penetrates all of the 
layers of the epineurium and perineurium. The vessels have a coiled configuration and 
approach the nerve trunk segmentally to ensure continuity of the vascular supply 
during the gliding of the nerves. The vessels cross into the endoneurium obliquely 
creating a possible valve mechanism (Rempel et al., 1999).      
The longitudinal organization of the fascicles and their contents in the peripheral nerve 
is important in understanding the clinical signs and symptoms of different 
neuropathologies (Stewart, 2003). Historical studies have highlighted two theories: the 
first being that the fascicles are arranged like cables, where nerve fibres remain in the 
same discrete fascicle throughout the length of the nerve; while the second describes a 
plexiform internal pattern where the fascicles branch, split, join and intermingle 
throughout the length of the nerve (Figure 1.3) (Langley and Hashimoto, 1917; Jabaley et 
al., 1980; Stewart, 2003). The current view is that the fascicles are arranged like cables 
with each fascicle containing motor or sensory fibres specific to a certain region in the 
more distal regions of the nerve, such as the distal forearm or wrist. In proximal regions, 
the fascicles branch and intermingle in a plexiform pattern. The degree of intermingling 
differs between nerves; however, sensory or motor fibres to specific areas tend to 
remain grouped together as a fascicle or within fascicles throughout the nerve (Stewart, 
2003). This view can explain the different and variable manifestations of neuropathies. 
Stewart (1987) studied the clinical manifestations of ulnar nerve neuropathies at the 
level of the elbow in 24 patients and reported that branches originating distal to the 
lesion can be involved or spared from any affect, indicating specific fascicle 
involvement. Muscles of the distal forearm were spared from any affect, while intrinsic 
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Figure 1.3:  Illustrations of fascicular organization in the peripheral nerves. (A) The 
cable structure; (B) The plexiform structure (Stewart, 2003).  
muscles of the hand were affected (Stewart, 1987). Such manifestations can easily 
confuse physicians into identifying the lesion to be at the wrist or hand rather than the 
elbow. Radial nerve lesions can also be manifested differently in Saturday-night palsy 
(radial nerve compression resulting from pressure against a firm object as seen after a 
deep sleep on the arm) (Trojaborg, 1970). One possible explanation is the differential 
involvement of fascicles within the radial nerve (Trojaborg, 1970; Stewart, 2003).  
 
 
 
 
 
 
 
 
Selective fascicles could be injured due to their close proximity to bone where the 
potential for compression is greatest. During bone fractures, fascicles closer to the bone 
fragments could be injured. Moreover, fascicles which have less protective coverings are 
more vulnerable to injury. In addition, the vasa nervorum could be affected by changes 
in intraneural pressure leading to ischaemia. Based on the findings, Stewart (1987) 
suggested that the nerve fibres affected are those originating most distally from the 
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nerve as longer fibres are the more affected by the compromised axoplasmic flow. The 
longer fibres could be at more risk of damage, as seen in carpal tunnel syndrome where 
sensory disturbances are often reported in the most distal parts of the finger 
(Sunderland, 1965; Trojaborg, 1970; Stewart, 1987). It is important to appreciate the 
effect of the internal neural topography in hand neuropathologies.     
Following injury to a peripheral nerve, complex but regulated events occur to restore 
function. Understanding the process is important to appreciate the signs and 
symptoms of different neuropathologies. Depending on the severity of injury, Seddon 
(1943) identified three types of nerve injuries and classified them into: neurapraxia, 
axonotmesis, and neurotmesis. Neurapraxia is the mildest form of nerve injury where 
nerve continuity is maintained, but the ion-induced conduction is blocked at the injury 
site leading to transient function loss as seen in compression injuries. Focal 
demylination and/or ischaemia are thought to be the causes of conduction block 
(Robinson, 2000). Axonotmesis occurs when the axons and the surrounding myelin 
sheaths are damaged, while the perineurium and the epineurium are still intact as seen 
in crush injuries, stretch injuries or percussion injuries. Axon and myelin degeneration 
distal to the site of injury occurs leading to complete denervation. Recovery is possible 
as the uninjured fibres sprout to reinnervate the target organ. Neurotmesis occurs after 
the nerve is severed where recovery is usually incomplete and can only be achieved with 
surgical intervention. It can be seen in sharp injuries, injection of noxious drugs, 
traction injuries or percussion injuries (Seddon, 1943; Wilkinson, 1998; Robinson, 2000; 
Burnett and Zager, 2004).  
Sunderland (1951) further modified Seddon’s classification of peripheral nerve injury, 
suggesting five categories based on the severity of the injury. A first degree injury 
corresponds to neurapraxia and a second degree to axonotmesis. Third degree injury 
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Figure 1.4: Diagrammatic illustration of the five degrees of nerve injuries as 
described by Sunderland. 1, first degree of injury; 2, second degree of 
injury; 3, third degree of injury; 4, fourth degree of injury; 5, fifth 
degree of injury (Campbell, 2008).  
occurs where there is a partial injury to the endoneurium in addition to the axonal 
damage. This is a case between axonotmesis and neurotmesis. In Sunderland’s 
classification, neurotmesis is further divided into a fourth degree injury, where all the 
components of the nerve are injured except the epineurium; and fifth degree injuries, 
where the nerve is completely severed (Figure 1.4) (Sunderland, 1951; Grant et al., 1999; 
Robinson, 2000; Burnett and Zager, 2004).    
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Neurapraxia (first degree injuries), no structural changes are noticed and thus no true 
degeneration or regeneration occurs. In axonotmesis (second degree injuries), a 
calcium-mediated process known as Wallerian degeneration occurs distal to the site of 
injury resulting in dissolution of the distal axon, remodelling of the nerve fibre 
components and regeneration by regrowth of new axons. Figure 1.5 shows the steps of 
Wallerian degeneration. Within hours of injury physical fragmentation of both axons 
and myelin occurs, neurotubules and neurofilaments becomes disorganized and 
irregular due to varicose swelling (Burnett and Zager, 2004). By 48 to 96 hours after 
injury, axonal continuity is lost and impulse conduction is not possible. Schwann cells 
become active within 24 hours of injury and divide rapidly to help in the degeneration 
and regeneration processes. Endoneural mast cells secret histamine and serotonin 
enhancing the permeability of the capillaries and facilitating the migration of 
macrophages to the site of injury.  Schwann cells pass the degenerated axonal and 
myelin debris to macrophages that migrated to the site of injury through the permeable 
capillaries in the region. The process of cleaning and phagocytosis at the site of injury 
can extend from one week to several months (Campbell, 2008).  
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Figure 1.5:  An illustration shows the process of Wallerian degeneration. (A) 
Injury occurs to the axon but the endoneurial tube is still intact; 
(B) Degeneration of axonal and myelin components of the distal 
segment. Elipsoids are formed by Schwann cells to facilitate 
phagocytosis by macrophages; (C) Degeneration and clearing of 
the distal segment are achieved. Regeneration of the axon begins 
guided by bands of Büngner (columns of Schwann cells); (D) 
regeneration continues in the endoneurial tube distal to the site of 
injury; (E) Full regrowth of axonal and associated myelin 
components (Nowak and Handford, 2003; figure 21.6, page 600).  
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In third degree injuries, retraction of the severed nerve occurs due to the elastic nature 
of the endoneurium. Capillaries are injured activating an inflammatory response at the 
site of injury. Fibroblasts rapidly increase in number and produce a dense fibrous scar 
swelling and often adhesions to the perineural tissue. In fourth and fifth degree injuries, 
severe trauma occurs to the endoneural tubes, fasciculi, and the epineurial membrane. 
Mast cells degranulate increasing the capillary permeability leading to edema and 
macrophage migration. The nerve ends becomes swollen containing disorganized 
Schwann cells, capillaries, fibroblast, macrophages, and collagen fibres. Regenerating 
axons attempt to penetrate the scar tissue but back into the proximal segment or into 
the surrounding tissue. Depending on the scar tissue formed and the severity of the 
injury, the regenerated axons can reach the distal segment.    
Distal to the injured region, axonal and myelin components are cleared leaving 
endoneural tubes (Flores et al., 2000). The endoneural tubes are thickened due to the 
collage deposition on the outer surface of the Schwann cell basement membrane. If the 
tube does not receive a regenerating axon, it shrinks and fibroses. Stacks of Schwann 
cells, arranged in columns known as bands of Büngner, become visible late in the 
Wallerian degeneration process: they are thought to play a vital role in the process of 
regeneration where they guide axons into their target organs (Flores et al., 2000; 
Burnett and Zager, 2004).  
Segments proximal to the injury site can also undergo Wallerian degeneration 
depending on the severity of the injury and the proximity of the injured site to the cell 
body. In the proximal segment near the site of injury, the axons and myelin reduce in 
diameter and Schwann cells degrade. The nerve cell body also reacts to injury in a 
process called chromatolysis. This includes nucleus migration to the periphery of the 
cell, degradation of Nissl granules and rough endoplasmic reticulum, and an increase in 
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the synthesis of RNA, protein components, lipids, and hydrolytic enzymes (Flores et al., 
2000; Burnett and Zager, 2004). This process marks the shift of all function from 
impulse transmission to cellular repair, producing important materials for axonal 
regrowth during the regeneration phase (Waxman et al., 1995). 
The regeneration process starts at the cell body with the reversal of chromatolysis. 
Materials are transported from the cell body to the site of axonal regeneration, and the 
regenerating axonal tip sprouts out. In severe injuries, scar tissue fills the gap between 
the severed nerve endings and resists the advancement of the regenerating axons. 
Furthermore, axons can grow and be misdirected into a functionally inappropriate 
endoneural tubes or even fail to re-enter the endoneural tube. The resistance that the 
regenerating axons receive at the site of injury leads to the creation of multiple smaller 
axon sprouts which do not all reach their target organ (Burnett and Zager, 2004; 
Campbell, 2008).  
Axons entering the correct endoneural tube distal to the site of injury grow to reach the 
target organ. Sometimes, several sprouts may enter the endoneural tube, as a result the 
regenerated endoneural tube many contain more axons than the original. The 
specialized growth cone at the tip of the axon sprout contains multiple filopodia 
(cytoplasmic projections) that adhere to the basal lamina of Schwann cells and use it as 
a guide. If the axon tip is delayed in getting into the distal segment, the endoneural tube 
would have decreases in diameter and thus axonal regrowth is slowed (Fawett and 
Keynes, 1990; Campbell, 2008).  
 
  
18 
 
1.3. Hand Landmarks: 
Understanding the surface anatomy of the hand is important in planning surgical 
procedures and the assessment of normal and abnormal function in the hand and wrist. 
The most important landmarks on the palmar surface of the hand are flexion creases, 
the pisiform, scaphoid tubercle, and hook of the hamate. On the dorsal surface of the 
hand are Lister’s tubercle, the anatomic snuff box, the lunate fossa, and the radial and 
ulnar styloid processes. 
1.3.1. Flexion creases:  
The skin of the palm is firmly attached to the deep fascia by several relatively constant 
palmar creases. The palm creases are significant palmar landmarks because of their 
relationship to underlying structures. They also ensure stability of the skin during 
gripping and enable movement of the digits without impingement. Most creases do not 
correspond to their respective joints, however there are two prominent creases at the 
proximal interphalangeal joint, the proximal of which is usually used to determine the 
location of the underlying joint (Doyle and Botte, 2003). Appreciation of the 
relationship between the creases and the underlying osseous anatomy may be 
extremely useful in clinical and surgical settings such as tendon repairs, webbed fingers 
and Dupuytren’s disease corrective procedures, trigger finger surgery and even carpal 
tunnel release. Creases can be grouped into four categories: the digital, palmar, thenar, 
and wrist skin creases (Figure 1.6).  
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There are three horizontal digital creases: proximal, middle and distal digital creases in 
all fingers, except the thumb, which lie close to the metacarpophalangeal joint and the 
proximal and distal interphalangeal joints respectively. Bugbee and Botte (1993) 
reported that the distal digital skin creases, consisting of one or two closely placed 
lines, are always proximal to their associated distal interphalangeal joint by 7-7.8 mm. 
The middle digital creases are two separated lines, more oriented to their 
corresponding joint positions: they lie 1.6-2.6 mm proximal to the proximal 
interphalangeal joint. The proximal digital skin creases lie between 14.4-19.6 mm distal 
to their respective metacarpophalangeal joints and are usually two parallel lines 
separated by 3-4 mm.  The metacarpophalangeal crease of the thumb is vertical rather 
than horizontal. The interphalangeal joint crease of the thumb is located 2.2 mm 
proximal to the interphalangeal joint whereas the proximal joint crease crosses 
Figure 1.6:  Hand flexion creases (Source: Author). 
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obliquely and directly over the metacarpophalangeal joint of the thumb (Kaplan, 1968; 
Bugbee and Botte, 1993).   
Kaplan (1968) reported some interesting relations of the digital creases usually seen 
when the hand is placed on a flat surface:  
 The distal digital crease of the index and ring fingers are on the same line and if 
extended align with tip of the little finger. 
 The middle digital crease of the index and ring fingers and the distal digital 
crease of the little finger are on the same level.  
 The second distal line of the proximal digital crease of the ring finger is in line 
with the middle digital crease of the little finger.  
The palmar skin creases are associated with the metacarpophalangeal joints in the 
following manner: the distal palmar crease is located at a mean distance of 7.9 mm, 10.3 
mm and 6.9 mm from the metacarpophalangeal joints of the little, ring, and middle 
finger respectively (Bugbee and Botte, 1993). The distal palmar crease can extend and 
reach the level of the metacarpophalangeal joint of the index finger in 18% of 
individuals (Chauhan et al., 2011). Moreover, the proximal palmar crease is located at a 
mean distance of 9.1 mm, 18.0 mm and 22.1 mm from the metacarpophalangeal joints of 
the index, middle and ring finger respectively (Bugbee and Botte, 1993; Doyle and Botte, 
2003).  In their study, Bugbee and Botte (1993) mentioned that a longitudinal line 
between the lateral border of the proximal palmar crease and the medial border of the 
distal palmar crease determines the location of the metacarpal neck in 73% of 
specimens. Other researchers, found the line to overlap with the head of the 
metacarpals in 38% and the metacarpal neck in 48% (Chauhan et al., 2011).   
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The thenar crease usually intersects the lateral side of the proximal palmar crease at its 
distal border and the distal wrist crease near the wrist centre at its proximal border. 
Bugbee and Botte (1993) reported that in 54% of specimens, the thenar crease lies 
directly over the metacarpal of the middle finger, being in line with the second web 
space in 38% and located within the third web space in 8%. In the proximal palm, the 
thenar crease crosses the capitate in approximately 50% of specimens. The thenar 
crease passes 22.6 mm to the centre of the trapeziometacarpal joint and 18.7 mm distal 
to the hook of the hamate on the medial side of the carpus (Bugbee and Botte, 1993). In 
another study investigating the palmar creases in an Indian population, Chauhan et al. 
(2011) reported that the thenar crease was located in the 2nd intermetacarpal space in 
76% and crossed the scaphoid in 26% of individuals. Moreover, the thenar crease 
coursed 7.2 mm and 15.6 mm distal to the trapeziometacarpal joint and the hook of the 
hamate respectively. The study suggests that the difference in findings could be 
attributed to the racial differences due to North Americans possessing wider carpal 
regions than Indians.  
There are three wrist creases, however only the distal wrist crease can be used as a 
reliable landmark. The distal wrist crease is located over the proximal carpal row. The 
centre of the lunate is located 9.2 mm proximal to the crease (Bugbee and Botte, 1993). 
In their study, Bugbee and Botte (1993) reported that the distal wrist crease crosses the 
scaphoid in 98% of individuals with the centre of the scaphoid waist laying 1 mm distal 
to it. Moreover, the study also reported that the midpoint of the trapeziometacarpal 
joint is located 19.4 mm distal to the crease. On the medial side, the pisiform lies 
directly on or slightly distal to the distal wrist crease, whereas the hook of the hamate 
is 12.6 mm distal to the crease. The crease is also located 11.7 mm distal to the base of 
the ulnar styloid process (Bugbee and Botte, 1993).  
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1.3.2. Bony landmarks: 
There are many important bony landmarks in the hand. The pisiform, hook of the 
hamate, and the scaphoid tubercle are located in the palmar surface of the hand, 
whereas Lister’s tubercle, the anatomic snuff-box, lunate fossa, and the radial and ulnar 
styloid processes are found in the dorsal aspect of the hand (Friedman, 2008).  
 
 
 
 
 
 
 
 
 
 
 
The pisiform bone is a palpable landmark which lies on the medial palmar surface of the 
hand, on the distal wrist crease or slightly distal to it (Bugbee and Botte, 1993). It is 
used to identify the tendon of flexor carpi ulnaris, the neurovascular bundle and the 
Figure 1.7:  Important bony landmarks in the palmar surface of the hand. 
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hook of the hamate (Doyle and Botte, 2003). The hook of the hamate is located on the 
medial palmar surface of the hand, some 10 mm lateral and distal to the pisiform: it may 
be difficult to palpate in some individuals because of its deep position. It is an 
important landmark to locate the ulnar artery and nerve and the medial border of the 
transverse carpal ligament (TCL) as it lies between the ulnar canal and the carpal 
tunnel. On the lateral side of the palm, the scaphoid tubercle projects to the distal 
lateral palm and almost always crosses the distal wrist crease (Figure 1.7).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.8: Important landmarks in the dorsum of the hand. LT, Lister’s tubercle; 
APL, abductor pollicis longus; RSP, Radial styloid process; ASB, 
anatomical snuff box; EPB, extensor pollicis brevis; EPL, extensor 
pollicis longus; ECRL, extensor carpi radialis longus; ECRB, extensor 
carpi radialis brevis; ECU, extensor carpi ulnaris; USP, ulnar styloid 
process; LF, lunate fossa (Doyle and Botte, 2003; Figure 9.1, page 487).
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A line on the dorsal surface of the hand crossing from the distal phalanx of the index to 
the dorsal wrist provides an important landmark. The line passes between the 
lunoscaphoid joint with the lunate positioned medial to it. Lister’s tubercle, also medial 
to this line, can be palpated 5 mm proximal to the dorsal margin of the articular surface 
of the radius, in line with the cleft between the index and middle fingers. Extensor 
pollicis longus is located medial to the groove coursing laterally with extensor carpi 
radialis brevis passing lateral to it running medially (Figure 1.8) (Kaplan, 1968).  
Another important landmark on the dorsum of the hand is the anatomic snuff box. It is 
a narrow triangle bounded medially by extensor pollicis longus, laterally by abductor 
pollicis longus and extensor pollicis brevis tendons, and proximally by the distal 
margin of the extensor retinaculum. The floor is formed mainly by the scaphoid and 
trapezium, with the radial styloid proximally and base of the first metacarpal distally. 
The radial artery passes through it. In the roof, the cephalic vein and several branches of 
the superficial branch of the radial nerve course subcutaneously. The tendon of 
extensor carpi radialis longus crosses its dorsomedial corner (Figure 1.8).  
The lunate fossa is a depression located medial and distal to Lister’s tubercle, in line 
with the longitudinal axis of the third metacarpal, distal to the distal radial margin: it 
corresponds to the location of the lunate (Figure 1.8). The radial styloid process is a 
distal projection on the lateral side of the distal margin of the radius. It can be palpated 
through the anatomic snuff box, just dorsal to the abductor pollicis longus and 
extensor pollicis brevis tendons that cross its apex. The ulnar styloid process is an 
expansion in the distal end of the ulna. It is mostly palpable when the forearm is 
supinated and is located about 10 mm proximal to the radial styloid process (Figure 1.7 
and Figure 1.8) (Doyle and Botte, 2003).  
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1.3.3.  Relationships of superficial landmarks to deeper structures of the hand: 
Kaplan (1968) outlines a unique system of lines linking superficial landmarks of the 
hand to the deeper structures. Figure 1.9 illustrates the reference skin lines and their 
anatomical relationships.   
 The Kaplan system includes: 
 Cardinal line (Figure 1.9: line A): drawn across the palm to connect between a 
point 20 mm distal to the pisiform and a point marked at the junction of the 
thumb proximal crease at the first interdigital fold. It approximately 
corresponds to the course of the deep motor branch of the ulnar nerve along 
with the deep palmar arch (Figure 1.9: 5).  
  A vertical line from the lateral margin of the middle finger crossing the cardinal 
line in the palm (Figure 1.9: line C). The crossing point corresponds to the point 
at which the recurrent motor nerve penetrates the thenar eminence (Figure 1.9: 
4).  
 A vertical line from the medial margin of the ring finger crossing the cardinal 
line in the palm (Figure 1.9: line B). The crossing point corresponds to the hook 
of the hamate (Figure 1.9: 6), distal to which the bases of the 4th and the 5th 
metacarpals articulate. 
 The middle of the medial third of the cardinal line, distal to pisiform and the 
hook of the hamate (Figure 1.9: dark star), corresponds to the division point of 
the ulnar nerve into deep and superficial branches.  
 A line drawn connecting a point at the distal palmar crease along the course of 
the flexor tendons of the little finger and a point 20 mm distal to the tip of the 
trapezium tubercle (Figure1.9: line D). The proximal part of this line around the 
thenar eminence corresponds to the articular line between the trapezium and 
base of the first metacarpal.  
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Figure 1.9:  Kaplan system. (1) Radial artery; (2) Flexor carpi radialis tendon (3) 
trapezium; (4) recurrent motor branch of the median nerve; (5) deep 
palmar arch; (6) hamate; (7) pisiform; (8) ulnar artery; (9) median 
nerve; (10) superficial palmar arch; dark star, division point of the 
ulnar nerve into superficial and deep divisions; A, cardinal line; B, 
vertical line crosses the cardinal line at the hook of hamate; C, 
vertical line crosses the cardinal line at the point of the recurrent 
motor branch of the median nerve penetrating the thenar eminence; 
D, oblique line corresponds to the articular line between trapezium 
and the base of the first metacarpal at its proximal part at the base 
of the thenar eminence  (Doyle and Botte, 2003; figure 10.3, page 
535). 
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1.4. Palmar surface of the hand: 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1.10: Palmar cutaneous branch of the median nerve and palmar cutaneous 
branch of the ulnar nerve innervation territory in the palm (Tubbs et 
al., 2011).  
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Figure 1.11: Sensory nerves supplying the palmar surface of the hand 
The palmar surface of the hand is innervated by two main nerves: the median and ulnar 
nerves. The median nerve gives the palmar cutaneous branch of the median nerve 
(PCBMN) in the distal forearm and supplies the proximal and lateral two fifths of the 
palm (Figure 1.10). After passing through the carpal tunnel, the median nerve gives the 
first three common digital nerves (CDN) that further divide into proper digital nerves 
(PDN) to supply the entire palmar surface of the lateral three and half digits and their 
dorsal surface to the distal interphalangeal joints. 
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Originating at various levels in the forearm, the palmar cutaneous branch of the ulnar 
nerve and the nerve of Henle supply the medial side of the palm (Figure 1.10). The ulnar 
nerve passes through the ulnar canal (Guyon’s canal) and divides into a deep branch 
supplying motor innervation to most of the intrinsic muscles of the hand and a 
superficial branch that supplies sensory innervation to the medial one and half digits. 
Deep to the superficial palmar arch, a communicating branch may be present between 
the median and ulnar nerves. This communicating branch allows exchange of sensory 
fibres between the ulnar and median nerves (Ferrari and Gilbert, 1991; Don Griot et al., 
2000; Griot et al., 2002; Loukas et al., 2007) (Figure 1.11).  
The sensory distribution in the palm is fairly constant compared to that of the dorsal 
surface (Stappaerts et al., 1996; Laroy et al., 1998). Nevertheless, there are variations in 
reported boundaries of the innervation territory for each nerve. The median nerve is 
usually described as innervating the palmar surface of the lateral 3½ digits in 
anatomical charts and textbooks; however, according to Hoppenfeld (1976), as cited in 
Stappaerts et al. (1996), the sensory innervation to the ring finger as being entirely 
supplied by the ulnar nerve. Although less acknowledged by anatomists when 
describing the palmar sensory distribution, the medial side of the ring finger can be 
supplied by the ulnar nerve through fibres traveling in the palmar CB between the ulnar 
and median nerve. Investigating sensory disturbances in gunshot victims from World 
War I, Stopford (1918) reported that the ulnar nerve innervated the entire palmar 
surface of the ring and little fingers in 18% and extended to supply the medial side of 
the middle finger in 3% of the cases investigated. Investigating the median nerve supply 
to the palmar surface, the study reported that sensory disturbances were not noted on 
the radial side of the ring finger in 20%, nor was it found in the medial side of the 
middle finger in 4%. However, the median nerve supplied the entire ring finger in 4%. 
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The study also mentions that the sensory loss was not absolute in the lateral side of the 
ring finger suggesting a dual innervation of this area by the ulnar and median nerves 
(Stopford, 1918). Linell (1921) also reported some variation to the classical description 
of the nerve supply to the palmar surface from investigating 20 cases. In this study, the 
ulnar nerve innervated the palmar surface of the entire medial two digits in one case 
(5%) and innervated the medial side of the middle finger in three cases (15%) (Linell, 
1921). 
In velocity conduction studies the sensory distribution is remarkably constant. Laroy et 
al. (1998) investigated the palmar sensory distribution in 64 hands and reported that 
median nerve stimulation resulted in recordings obtained from the thumb, index, 
middle and ring fingers; whereas stimulation of the ulnar nerve resulted in recordings 
obtained from the little and ring fingers in all cases. The study also mentions that the 
ring finger receives equal contributions from the ulnar and median nerves (Laroy et al., 
1998). Stappaerts et al. (1996) reported that median nerve stimulation resulted in 
recordings from the lateral 4 fingers in all cases except two where an additional 
recording was also obtained from the little finger. Furthermore, stimulation of the ulnar 
nerve resulted in recordings from the little and ring fingers in all cases except three 
where an additional recording was also obtained from the middle finger (Stappaerts et 
al., 1996). Such variation from the typical description can be attributed to the presence 
of a palmar CB allowing transfer of fibres between the two nerves.  The innervation of 
the palmar surface can differ between the hands of the same individual. Although still 
high, symmetry was found in only 87% (Stappaerts et al., 1996).  
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1.4.1. Median nerve 
In the axilla, anterior to the third portion of the axillary artery, the lateral and medial 
roots of the lateral and medial cords of the brachial plexus join to form the median 
nerve. Carrying fibres from the anterior rami of C5, C6, C7, C8 and T1, it supplies the 
majority of the flexor compartment of the forearm, some hand muscles and contributes 
to the cutaneous innervation of the hand. In the hand, the median nerve supplies the 
middle and lateral third of the palmar surface, the palmar surface covering the lateral 
3½ digits and the dorsal skin covering the distal phalanges of the lateral 3½ digits by 
the palmar cutaneous branch of the median nerve and the common digital nerves.  
1.4.1.1. Palmar Cutaneous Branch of the Median nerve 
In the forearm, 50 to 70 mm proximal to the wrist crease, the median nerve gives off the 
palmar cutaneous branch of the median nerve (PCBMN). The nerve originates 
anterolaterally and continues with the main trunk epineurium for about 16-25 mm 
before it detaches coursing distally between palmaris longus and flexor carpi radialis. 
At the proximal edge of the TCL, the nerve takes a superficial course in line with the 
axis of the ring finger, entering its own fibrous tunnel in the ligament. However, the 
tunnel can be formed within the antebrachial fascia, the palmar carpal ligament (PCL), 
or the flexor retinaculum (Al-Qattan, 1997). The anterior compartment of the forearm is 
surrounded by the antebrachial fascia that thickens distally forming the PCL. Distal to 
the PCL and at deeper levels, the antebrachial fascia continues distally as the flexor 
retinaculum or the TCL (Moore et al., 2006). The nerve enters the tunnel 3 mm medial 
to the thenar crease and pierces the palmar aponeurosis 15 mm distal to the scaphoid 
tubercle (Naff et al., 1993; Matloub et al., 1998). It usually divides into a larger lateral 
and one or more medial branches that supply the lateral two-fifths of the palm and skin 
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over the thenar eminence (Taleisnik, 1973). The nerve continues to branch and 
penetrates the fascia and palmaris longus fibres blending with the palmar fascia. Table 
1.1 summarizes the anatomical descriptions of the PCBMN in the literature.  Das and 
Brown (1976) described the most common course of the PCBMN, after investigating 
120 cases of carpal tunnel release, was to originate 30-60 mm proximal to the wrist, 
course deep to flexor digitorum superficialis, continue distally superficial to the TCL 
(flexor retinaculum) and distribute various branches in the mid-palm. However, the 
authors noted different patterns of the course of the nerve into the wrist where the 
PCBMN can course through or deep to the TCL rather than superficial to it before it 
became cutaneous (Das and Brown, 1976). In their study, Matloub et al. (1998) reported 
that the most common course of the PCBMN was through the TCL (flexor 
retinaculum) (37/40), where the nerve enters its tunnel between the superficial and the 
deep layers. However, in a minority of cases, the nerve coursed superficial to the TCL 
(flexor retinaculum) and no tunnel was found (3/40) (Matloub et al., 1998).  
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One of the early descriptions of the pattern of distribution of the PCBMN was 
described by Taleisnik (1973). In this study of twelve hands the PCBMN usually 
divided into one large lateral branch supplying the thenar region and another smaller 
medial branch perforating the TCL and then continuing along the thenar crease 
supplying the midpalm (Taleisnik, 1973). After dissecting 50 adult hands, Bezerra et al. 
(1986) described three patterns of division: the most common type, found in 58% of 
specimens, included two branches one lateral innervating the thenar region and 
another intermediate coursing under the thenar crease and innervating the 
intermediate portion of the hand. In 34% of specimens, the PCBMN divided into lateral, 
intermediate and medial branches innervating the thenar, intermediate, and hypothenar 
regions of the hand respectively. The third type was reported in 8% of specimens where 
the PCBMN divided into intermediate and medial branches innervating the 
intermediate and thenar regions of the hand respectively (Bezerra et al., 1986). In their 
study, DaSilva et al. (1996) reported two patterns of division of the PCBMN. Pattern A 
(58.3%) with the main trunk of the nerve dividing into three terminal branches; lateral, 
medial and a longer intermediate one. Pattern B (41.7%) was identified with many non-
distinct small branches from the main trunk penetrating the palmar aponeurosis 
(DaSilva et al., 1996). In another study, Chaynes et al. (2004) reported two types of 
pattern of the PCBMN: the nerve divided into two main branches in 21/35 (60%) cases 
and three branches in 14/35 (40%). 
Many variations of the PCBMN have been reported in the literature. Two separate 
branches of the PCBMN originating at the same level or at different levels have been 
identified.  It can have a more distal origin from the main trunk of the median nerve and 
originate at the level of the proximal edge of the TCL. The PCBMN can originate from 
the medial side of the main trunk of the median nerve rather than the commonly known 
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lateral origin; originate more proximally than usual or as high as the junction between 
the upper third and the middle third of the forearm (Das and Brown, 1976; Hobbs et al., 
1990; Matloub et al., 1998). During localized anaesthesia to the region of the wrist or the 
thenar muscles, care must be taken to block the PCBMN along with the median nerve 
unless the block to the median nerve was made proximal to the origin of the PCBMN.  
The PCBMN can also be absent, in which case its innervation area is taken over by the 
musculocutaneous nerve, the superficial branch of the radial nerve, the palmar 
cutaneous branch of the ulnar nerve or any combination of these nerves (Das and 
Brown, 1976; Born and Mahoney, 1995; Doyle and Botte, 2003). The PCBMN may 
communicate with the superficial branch of the radial nerve (SBRN). The connections 
between the two nerves were reported in 8% and could explain the sensory 
disturbances in the dorsum of the hand in patients who underwent wrist surgery 
(Hobbs et al., 1990). In a more recent study, Chaynes et al. (2004) reported a higher 
incidence rate of the connections (14.29%). According to Bezerra et al. (1986), both 
Kuhlmann and Meyer-Otetea (1976) and Kuhlmann et al. (1978) reported higher 
connection incidences between the PCBMN and the SBRN at 25% and 40% 
respectively. These connections may be at risk during surgical procedures to the lateral 
side of the wrist such as palmar wrist ganglion or procedures to the distal radius.  
The PCBMN can also course deep to or through the fibres of the palmaris longus 
tendon. Dowdy et al. (1994) investigated 52 cadavers and reported 2 cases where the 
PCBMN passed through the fibres of palmaris longus tendon in its distal 20 mm 
endangering the nerve during palmaris longus tendon harvest. Matloub et al. (1998) 
also reported the PCBMN coursing deep to the terminal fibres of palmaris longus at its 
distal insertion into the palmar aponeurosis in 3/40 specimens. Therefore, during the 
harvest of palmaris longus tendon, it is recommended that the tendon be cut proximal 
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to the wrist crease with careful dissection of the lateral side where the PCBMN is most 
likely to course (Matloub et al., 1998).     
Due to its course in the forearm, the PCBMN is at risk of injury during any surgical 
procedure along or adjacent to the ulnar side of flexor carpi radialis. A variation in the 
course of the nerve in relation to flexor carpi radialis has been reported. Nagle and 
Santiago (2008) noted that the PCBMN coursed superficial to the distal aspect of the 
flexor carpi radialis to terminate over the thenar eminence.  Tendinitis in the region of 
the distal forearm, injury or inflammation that leads to soft tissue swelling, and scar 
formation after elective carpal tunnel release can lead to symptoms of PCBMN 
entrapment (Pardal-Fernández et al., 2011; Sierakowski et al., 2012). Patients would 
suffer from loss of sensibility in the proximal two-fifths of the palm and discomfort, but 
more importantly direct injury to the nerve can result in painful neuromas. The nerve 
can be also entrapped as it passes through its own fibrous tunnel. Naff et al. (1993) 
suggested that in cases where neuroma formation due to direct injury to the PCBMN 
cannot be validated; symptoms can be relieved by decompression of the nerve rather 
than completely sectioning it. Cases where PCBMN entrapment were identified were 
due to continuous pressure at the base of the wrist, an abnormal palmaris longus that 
causes pressure upon the nerve, the presence of cysts or ganglia (Buckmiller and 
Rickard, 1987; De Smet, 1998), or entrapment within the antebrachial fascia (Semer et 
al., 1996). Patients would suffer from symptoms including localized pain and numbness 
at the base of the thenar eminence (Nakamichi and Tachibana, 2000). Al-Qattan (1997) 
described six zones where the PCBMN is in danger of entrapment.  It can be 
compressed at its origin from the main median nerve trunk by masses or anomalous 
tendons; by the flexor carpi superficialis fascia at the site it emerges at its lateral 
margin; at its course close to the medial margin of flexor carpi radialis tendon by 
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tendinitis or ganglia arising from the flexor carpi radialis sheath; at its tunnel by ganglia 
or an atypical palmaris longus; at the insertion of palmaris longus into the palmar fascia 
in cases where the nerve pierces the distal part of the muscle tendon and at the 
subcutaneous layer by fibrous and scar tissue formed after carpal tunnel release.    
PCBMN entrapment can occur concomitant with compression of the main median 
nerve trunk in carpal tunnel syndrome. Due to the overlap between the sensory 
innervation of the PCBMN and the median nerve, it can be difficult to distinguish the 
abnormalities caused by PCBMN entrapment from that caused by median nerve 
compression in carpal tunnel syndrome (Wada et al., 2002; Imai et al., 2004). Imai et al. 
(2004) suggested that the PCBMN entrapment can be assessed objectively by analysing 
sensory nerve action potentials regardless of the presence of carpal tunnel syndrome. It 
is unclear however, if PCBMN entrapment in these cases is independent or linked to 
the median nerve neuropathy. Nonetheless, it is worthwhile evaluating for PCBMN 
entrapment in all cases of carpal tunnel syndrome.  
The large nerve branches can be easily identified and retracted, but smaller branches 
will be difficult to preserve in open carpal tunnel release. In cases of a large branch 
injury, neuromas formed will present with easily recognizable symptoms. However, the 
smaller nerve branches can also be injured as they cross the TCL. Neuromas in this case 
will not be formed but the severed fibres could be trapped in the scarred tissue and 
cause unpleasant temporary or prolonged dysesthesia (Taleisnik, 1973). According to 
Ahčan et al. (2003) there are at least 2700 axons in the palmar triangle surrounding the 
incision used for carpal tunnel release, once injured can multiply by 10 folds creating 
30,000 nerve sprouts. These nerve sprouts may be trapped within the scar tissue and 
cause scar discomfort and pain (Ahčan et al., 2003). After anatomic, histological and 
immunofluorescence studies, DaSilva et al. (1996) reported that the TCL is composed of 
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two layers. The superficial layer consists of loose connective tissue while the deep layer 
is composed of thick fibroblasts and collagen. The study demonstrated that only the 
superficial layer had unmyelinated nerve fibre endings whereas no fibres were detected 
in the deeper thick layers (DaSilva et al., 1996). Such studies suggest that small nerve 
endings will be injured during carpal tunnel release and will lead to inescapable 
postoperative pillar pain and scar discomfort (DaSilva et al., 1996; Martin et al., 1996; 
Ahčan et al., 2003). Moreover, in endoscopic release the main trunk of the PCBMN is in 
jeopardy at the proximal incision, smaller branches cannot be preserved as they pass 
through or superficial to the ligament and repeated passage of the endoscopic knife will 
further damage the small PCBMN branches. Postoperative pain may be explained by 
direct injury of the nerve fibres due to incisional trauma or indirectly by coagulation, 
suturing, or channel preparations during endoscopic procedures. Scar tenderness can 
be explained by nerve ending entrapment in scar tissue. The injured nerve endings 
develop sensitivity towards mechanical, thermal and chemical stimulation (Ahčan et 
al., 2002; Ahčan et al., 2003).   
Since Phalen et al. (1950) described the diagnosis and the suggested sectioning of the 
TCL as a treatment; the surgical treatment of carpal tunnel syndrome has rapidly 
evolved to include many recommendations, techniques and approaches for placing the 
incision. Transverse incisions at the TCL can injure the main nerve trunk at the 
proximal wrist.  Longitudinal incisions are advocated in many reports; however, there 
is debate where the incision should be placed (Table 1.2.). Gerritsen et al. (2001) 
reviewed fourteen studies to compare various surgical techniques in carpal tunnel 
release. The study reported that the standard open technique seems to offer better post-
operative prognosis than endoscopic technique or open technique with a new incision. 
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Endoscopic carpal tunnel release had more neural complications but shorter recovery 
time (Gerritsen et al., 2001).   
Table 1.2:  Examples of different incision suggestions for the treatment of carpal 
tunnel syndrome as reported in the literature. 
No Reference Method 
1.  Phalen et al. (1950) 
 
The first to suggest the surgical release of the 
transverse carpal ligament. 
2.  Taleisnik (1973) A longitudinal incision on the medial side of the 
axis of the ray of the ring finger. 
3.  Ariyan and Watson 
(1977) 
A longitudinal incision in the palm until the wrist 
crease. 
4.  Engber and Gmeiner 
(1980) 
A longitudinal incision in line with the ring finger 
ray axis. 
5.  Chow (1989) Endoscopic release of carpal tunnel syndrome. 
6.  Hobbs et al. (1990) A longitudinal incision 10 mm medial to the axis of 
the 3rd metacarpal (in line of the ring finger axis). 
7.  Tsai et al. (1995) One portal endoscopic technique with the aid of a 
custom-made glass tube and a meniscus knife. 
8.  DaSilva et al. (1996) A longitudinal incision along the axis of the ring 
finger. 
9.  Watchmaker et al. 
(1996) 
A longitudinal incision 5 mm ulnar to the 
interthenar depression. 
10.  Serra et al. (1997) 
 
Short incision 20 mm long in the midpalm in line 
with the third ray proximal to Kaplan’s cardinal 
line. 
11.  Matloub et al. (1998) A longitudinal incision 10-15 mm medial and 
parallel to the thenar crease, stopping 15 mm distal 
to the wrist crease. 
Two small incisions:  
 The first: 20 mm from the centre of the palm 
extending proximally and perpendicular to 
the wrist crease. 
 The second: an incision on the medial side of 
palmaris longus tendon proximal to the 
wrist crease.  
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No Reference Method 
12.  Avci and Sayli (2000) Release by Knifelight inserted through a short 20 
mm longitudinal incision in line with the ring finger 
and proximal to a transverse line crossing from the 
medial border of an abducted thumb. 
13.  Cheung et al. (2004) A longitudinal incision 10 mm medial to palmaris 
longus if present, if absent an incision as described 
by Taleisnik (1973) is used. 
14.  Tubbs et al. (2005) 
 
Dorsal incision between the proximal fourth and 
fifth metacarpals. 
15.  Tubbs et al. (2011) A longitudinal incision along a line through the 
middle of the ring finger. 
16.  De la Fuente et al. (2013) Sectioning the TCL by a “U”-shaped surgical probe 
and “V”-shaped scalpel with the aid of ultrasound. 
The probes are inserted through a 15 mm transverse 
incision starting at the palmaris longus tendon and 
coursing medially at the level of the distal wrist 
crease.  
 
Many open techniques have been described to approach the carpal tunnel with minimal 
damage to the PCBMN. Taleisnik (1973) recommends the incision to be on the ulnar 
side of the axis of the ring finger at the level of the heel of the hand. However, such an 
approach will put the palmar branch of the ulnar nerve in danger of injury (Tubbs et al., 
2011). Moreover, the study did not specify how the axis is determined. Watchmaker et 
al. (1996) were the first to show the variability of surface landmarks such as the ring 
finger axis ray and the palmar creases, in different anatomic positions of the hand. Their 
results confirmed that the axis of the ring finger differs significantly during flexion and 
extension. The PCBMN coursed 9 mm lateral to the axis in extension, whereas it 
coursed medial to the axis during flexion. Moreover, the axis of the ring finger varies 
depending on whether the fingers were adducted, abducted or held in-between 
(Watchmaker et al., 1996). Engber and Gmeiner (1980) investigated the palmar 
cutaneous branch of the ulnar nerve in 21 cadaveric hands and suggested that an 
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incision in line with the ring finger axis will limit injury to both the palmar cutaneous 
branch of the ulnar nerve and the PCBMN. Agreeing with Engber and Gmeiner (1980), 
Hobbs et al. (1990) also suggested that incisions are made 10 mm ulnar to the axis of the 
middle finger, which corresponds to an incision in line with the ring finger axis. 
Furthermore, Siegel et al. (1993) recommended the carpal tunnel release incision is in 
line with the axis of the ring finger avoiding injury to both PCBMN and the palmar 
cutaneous branch of the ulnar nerve. However, the authors emphasised that such an 
approach will preserve major neurovascular structures, but will not ensure complete 
avoidance of injury as there is no substitute for a wide meticulous exposure (Siegel et 
al., 1993). Martin et al. (1996) studied the cutaneous nerves in the palm of 25 fresh 
cadavers and reported that an incision in the line of the ring finger axis will injure the 
PCBMN in 3/25 cases and will injure cutaneous branches from the ulnar nerve in 16/25 
cases. The tenderness often reported post-surgically by patients treated for carpal 
tunnel syndrome is most probably due to injury to small cutaneous nerves originating 
from the ulnar nerve rather than from PCBMN (Martin et al., 1996). However, Ahčan et 
al. (2003) investigated the subcutaneous nerve fibres crossing an incision line with the 
lateral border of the ring finger in 15 specimens and reported that fibres from the 
PCBMN are endangered in 10/15 specimens but did not mention the subcutaneous 
branches from the ulnar nerve.  
DaSilva et al. (1996) studied the PCBMN in 12 fresh upper limbs and reported that in 7 
cases the nerve divided into three branches as it passed into the proximal palm. The 
intermediate branch was found directly on the axis of the ring finger. Interestingly, the 
study also reported that the larger branches of the PCBMN are found superficial to the 
palmar aponeurosis and terminate in the skin and only the smaller deeper branches 
were found to terminate in the superficial layer of the carpal ligament (DaSilva et al., 
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1996). Other studies suggested using the inter-thenar depression as a safe landmark for 
carpal tunnel release (Watchmaker et al., 1996). However, this approach will endanger 
the palmar cutaneous branch of the ulnar nerve. As the PCBMN enters its tunnel 3 mm 
medial to the thenar crease, a thenar incision would most likely injure the nerve or its 
branches (Ahčan et al., 2003). In an interesting Chinese study, Cheung et al. (2004) 
suggested using palmaris longus as a landmark for carpal tunnel release incision. The 
study recommends an incision 10 mm medial to the palmaris longus if present and 
making an incision on the ulnar side of the ring finger axis as described by Taleisnik 
(1973) if absent. Ozcanli et al. (2010) recommended the area between the superficial 
palmar arch and the distal region of the PCBMN that extends 39.2±18.6 mm distal to 
the distal WC as a safe zone for carpal tunnel release incision. 
1.4.1.2. Digital nerves 
The median nerve becomes superficial 50 mm proximal to the wrist. It courses deep to 
palmaris longus (if present), medial to flexor carpi radialis and flexor pollicis longus. It 
then enters the carpal tunnel superficial to flexor digitorm superficialis and deep to the 
TCL.  
The carpal tunnel is a passageway between the forearm and wrist. Its roof is the TCL, 
the lateral wall contains the scaphoid and trapezium, the medial wall contains the hook 
of the hamate and pisiform, and its floor is formed by the palmar radiocarpal ligaments. 
The median nerve passes through the tunnel superficial to all the finger and thumb 
flexor tendons as one trunk immediately deep to the TCL.  
Usually the recurrent motor branch of the median nerve leaves from the anterolateral 
surface at the distal margin of the TCL to supply the thenar muscles. After passing 
through the carpal tunnel, the median nerve gives three common digital nerves (CDN) 
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at the junction between the middle and distal third of the metacarpal shafts (Doyle and 
Botte, 2003).  
The common digital nerves pass deep to the superficial palmar arch and the common 
digital arteries. Dividing into proper digital nerves (PDN) at the level of the metacarpal 
necks and continue superficial to the digital arteries. Bas and Kleinert (1999) 
investigated the branching point of the dorsal proper digital nerves and found them to 
be proximal to the A1 pulley zone (a zone spanning 20 mm proximal to the proximal 
digital crease to 10 mm distal to the proximal digital crease) in 62% of cases, which is 
more proximal than previously reported. The first common digital branch divides into 
three proper digital nerves after giving a motor branch to the first lumbrical. The first 
common digital nerve supplies the palmar surface of the thumb and lateral side of the 
index finger. The second common palmar digital nerve gives a motor branch to the 
second lumbrical before it courses distally and further divides to supply the medial side 
of the index finger and lateral side of the middle finger. The third common digital nerve 
can give a motor branch to the third lumbrical and continues distally to divide into 
proper digital nerves to the medial side of the middle finger and lateral side of the ring 
finger. It is not uncommon for the third common digital nerve to communicate with the 
fourth common digital nerve of the ulnar nerve (Figure 1.11).  
Jolley et al. (1997) investigated the first common digital nerve in 79 adult cadaver hands 
and observed three patterns (Figure 1.12): 
Type I: A PDN supplying the lateral side of the thumb and a CDN that further 
divides to supply the medial side of the thumb and lateral side of the 
index finger (Figure 1.12: A). 
48 
 
Type II: A trifurcation to produce three PDNs to supply the thumb and lateral 
side of the index finger (Figure 1.12: B). 
Type III: A CDN that further divided to supply the medial and lateral sides of the 
thumb and a PDN that continued distally to supply the index finger 
(Figure 1.12: C).  
These three types were found in 69%, 25%, and 6% of hands respectively (Jolley et al., 
1997).  
 
 
 
 
 
 
 
 
  
The median nerve can divide proximal to the distal edge of the carpal tunnel usually 
into a larger lateral and a smaller medial component in the forearm or at the level of the 
wrist (Eiken et al., 1971). Jeon et al. (2002) reported a case of high division of the third 
CDN at the level of the wrist crease discovered during endoscopic release of the carpal 
tunnel. Eiken et al. (1971) reported three cases of high division of the median nerve, as 
high as the level of the middle third of the forearm, and emphasized that care should be 
Figure 1.12:  Schematic drawings of the branching patterns of the first common 
digital nerve. (A) Type I; (B) Type II; (C) Type III (Doyle and Botte, 
2003; figure 10.3, page 571). 
A B C 
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taken when removing peritendinous tissue as it may mask the 2nd division of the 
median nerve. High bifurcation of the median nerve is usually accompanied by a median 
artery coursing between the two divisions. However, in their study, Berry et al. (2003) 
reported a high bifurcation of the median nerve with each division travelling in a 
separate compartment of the carpal tunnel. Such high division of the median nerve is 
considered a rare variation. Stančić et al. (1995) found it only once after exploring the 
median nerve in 100 cases. In a Korean study, Ahn et al. (2000) reported one case 
(0.3%) of high division of the median nerve after investigating 354 cases of elective 
carpal tunnel release. In another study conducted on 60 Iranian cadaveric hands, 
Alizadeh et al. (2006) reported high bifurcation of the median nerve in 5 cases (8.3%). 
Such variations can put the median nerve at risk of injury during carpal tunnel release, 
flexor tendosynovectomy or tendon repair in the carpal tunnel.  
Common digital nerves can also divide into more than two proper digital nerves. Kuvat 
and Tagil (2009) reported a case of duplication of the proper digital nerves in the index 
finger. The patient had two medial and two lateral proper digital nerves on each side of 
the index finger (Kuvat and Tagil, 2009). 
 1.2.2. Ulnar nerve  
The ulnar nerve originates from the medial cord of the brachial plexus carrying fibres 
from the anterior rami of C7, C8 and T1. It courses in the axilla medial to the axillary 
artery and continues distally in the arm to pierce the medial intramuscular septum 80 
mm proximal to the medial epicondyle and passes to the posterior compartment of the 
arm.  It enters the anterior compartment of the forearm by passing through the cubital 
tunnel where it usually gives three main branches: a motor branch to the medial part of 
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flexor digitorum profundus to the little and ring fingers, a palmar cutaneous branch and 
the dorsal branch of the ulnar nerve (Doyle and Botte, 2003).  
At the level of the wrist, the ulnar nerve and artery pass through Guyon’s canal, first 
described by Guyon in 1861.  The canal is bounded between the pisiform and the hook 
of the hamate, proximally covered by the TCL and distally by palmaris brevis. The 
superficial branch of the ulnar nerve supplies the skin of the little finger and medial side 
of the ring finger. The artery usually passes lateral to the nerve and contributes to the 
formation of the superficial palmar arch. The ulnar nerve and artery pass lateral to the 
pisiform, superficial to the flexor retinaculum, and deep to the superficial carpal 
ligament. The canal is divided into three zones: Zone I of the ulnar tunnel (Guyon’s 
canal) extends for about 30 mm from the transverse proximal edge of the TCL to the 
bifurcation of the nerve into deep and superficial branches about 10 mm distal to the 
pisiform, at about the level of the hamate. Zone II includes the motor division of the UN 
and Zone III contains the superficial branch of the UN distal to the UN bifurcation. 
Table 1.3 shows the boundaries and the content of each zone of Guyon’s canal.   
The superficial branch of the ulnar nerve courses distally over abductor and flexor digiti 
minimi, gives a motor branch to palmaris brevis, divides into a PDN to the medial side 
of the little finger and the fourth CDN that further divides at the level of the metacarpal 
shafts to supply the lateral side of the little finger and the medial side of the ring finger 
(Doyle and Botte, 2003). The superficial branch of the ulnar nerve was reported to 
supply the little finger and both sides of the ring finger in some cases (Bonnel and Vila, 
1985). The superficial branch lies deep to the superficial palmar arch but superficial to 
the flexor tendons. 
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Table 1.3:  Zones of Guyon’s canal and their boundaries  
 Zone I Zone II Zone III 
Content Ulnar nerve before 
bifurcation into deep and 
superficial branches 
Deep motor division  Superficial division  
Floor Tendons of flexor 
digitorum profundus and 
medial portion of the 
transverse carpal 
ligament  
Pisohamate and 
pisometacarpal 
ligament 
Pisometacarpal 
ligament and capsule 
of the 
triquetrohamate 
joint and zone II 
Lateral Distal fibres of palmar 
carpal ligament merging 
with fibres of transverse 
carpal ligament 
 
Transverse carpal 
ligament 
Zone II 
Medial Pisiform and tendon of 
flexor carpi ulnaris 
Abductor digiti 
minimi 
Abductor digiti 
minimi 
Roof Palmaris brevis Palmaris brevis and 
the superficial 
branch of the ulnar 
nerve 
Palmaris brevis 
 
Bonnel and Vila (1985) investigated the ulnar nerve in 50 adult cadaver hands and 
observed two patterns of division in Zone I. 
Type A:  The ulnar nerve bifurcated into one sensory branch and one motor 
branch.  
Type B: The ulnar nerve trifurcated into two sensory branches and one motor 
branch.  
Type A was found in 78% and type B in 22% of the cases investigated (Bonnel and Vila, 
1985). Similarly, Lindsey and Watumull (1996) investigated the division patterns of the 
ulnar nerve at Guyon’s canal in 31 fresh adult cadaver hands and reported comparable 
incidences for types A and B as 80.6% and 19.4% respectively.  
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Compression of the ulnar nerve in Guyon’s canal can occur due to trauma, fractures, 
ulnar artery aneurysm, lipomas, ganglion formations and muscle variations. Injury to 
the ulnar nerve and artery can also occur during endoscopic decompression of the 
carpal tunnel.  
Olave et al. (1997) described a variation of the ulnar nerve dividing into medial and 
lateral branches high in the forearm. The medial branch ran on the medial side of the 
artery and gave the deep division of the ulnar nerve and proper palmar digital nerve to 
the medial side of the little finger. The lateral branch rejoined the medial branch 35.0 
mm distal to the wrist crease and gave off the palmar digital branch to the 4th 
interosseous space (Olave et al., 1997). Such a variation puts the lateral branch at risk 
during endoscopic carpal tunnel release. 
Bozkurt et al. (2004) described another variation in the course of the ulnar nerve in the 
palm where the PDN to the medial side of the little finger was formed by two branches 
from the superficial division of the UN and a third branch from the deep motor branch 
piercing the abductor digiti minimi. Such a variation could lead to unexplained sensory 
disturbances to the medial side of the ring finger if the deep motor branch was 
compressed or injured (Bozkurt et al., 2004).   
Kaplan (1963) was the first to describe a connection between the dorsal branch of the 
ulnar nerve (DBUN) and the superficial branch of the ulnar nerve: a similar case was 
reported by Bonnel and Vila (1985). Hoogbergen and Kauer (1992) reported a case of 
Kaplan anastomosis where the DBUN joined the deep branch of the ulnar nerve, 
whereas Paraskevas et al. (2008) reported another case where the DBUN connected to 
the main trunk of the ulnar nerve before its bifurcation.  
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McCarthy and Nalebuff (1980) reported a case where a branch from the DBUN 
innervated the little finger without joining the superficial branch of the ulnar nerve as 
described by Kaplan. Bozkurt et al. (2002) described a similar variation where the 
medial side of the little finger was innervated by the dorsal branch of the ulnar nerve, 
while the superficial branch of the ulnar nerve continued as a CDN to supply the fourth 
web-space. Similarly, Konig et al. (1994) described two cases of the 23 specimens 
investigated where the little finger was innervated by a branch from the DBUN without 
passing through Guyon’s canal.  
The Kaplan anastomosis and the DBUN branch to innervate the little finger are both at 
risk during surgical procedures on the ulnar side of the wrist, as in Guyon’s canal 
exploration and flexor carpi ulnaris surgery, or in cases of pisiform fractures. Injury to 
the Kaplan anastomosis can lead to motor and sensory disturbances depending on the 
merger point of the nerve (PDN to the medial side of the little finger, superficial branch 
of the UN, motor division of the UN, main trunk of the UN).  The presence of other 
innervation patterns can provide misleading physiological results and complicate 
surgical procedures. 
1.4.2.  Palmar communication between the median and the ulnar nerve 
First described by Berrettini in 1741, the communicating branch between the ulnar and 
median nerves usually connects between the third and fourth CDNs and passes deep to 
the superficial palmar arch, distal to the TCL. It is also referred to as the ramus 
communicans, or ramus anastomoticus, or nerve of Berrettini. Reports differ in the 
incidence rate of communicating branches (CB) ranging between 4% and 100%. 
However, with incidence rates as high as 100% Bonnel and Vila (1985), 95% Ferrari and 
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Gilbert (1991), 94% Don Griot et al. (2000), and 80% Meals and Shaner (1983), the CB 
should be considered a normal anatomical finding rather than an anomaly. 
Dogan et al. (2010) investigated the CB in the hands of 200 spontaneously aborted 
fetuses and found the CB in 29.5%. The authors explained the low incidence rate to be 
the result of racial differences and the gestational age as more than 80% of the CB were 
found in fetuses more than 20 weeks old (Dogan et al., 2010).  Table 1.4 summarizes the 
major studies investigating the palmar CB between the MN and UN reported in the 
literature.   
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Many classification systems have been suggested in the literature. Meals and Shaner 
(1983) were the first to classify the communicating branch according to its origin and 
insertion point into three types: 
Type I:  The CB passed from the 4th CDN (ulnar) to the 3rd CDN (median). 
Type II: The CB passed from the 3rd CDN (median) to the 4th CDN (ulnar). 
 Type III:  Both the 3rd and 4th CDNs gave a branch that merged and continued in 
the midpalm. 
They further subdivided Type I into three subtypes according to the final destination of 
the CB fibres (Meals and Shaner, 1983). However, they have not provided any 
morphometric data to localize the CB and this limits the surgical use of their results. 
Bonnel and Vila (1985) found the CB in all 50 cases investigated: they reported two 
types of CB previously described by Meals and Shaner (1983) (Table 1.4); however, they 
found that in the 4 cases of Type III, the fibres formed a PDN that supplied the lateral 
side of the ring finger. Bonnel and Vila (1985) were also the first to use morphometric 
data to localize the CB; however, their data was limited to the origin of the CB. Ferrari 
and Gilbert (1991) suggested another classification system based on the relationship of 
the CB to the TCL and angle of origin (Figure 1.13). Their four groups are: 
Group I: The CB coursed obliquely from the 4th CDN (ulnar) to the 3rd CDN 
(median), the distance between the origin of the CB and the distal 
margin of the TCL was more than 4 mm and the origin angle less than 
54 (Figure 1.13: 1). 
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Group II:   The CB courses from the 4th CDN (ulnar) to the 3rd CDN (median) 
parallel to the distal margin of the TCL, the distance between the origin 
of the CB and the distal margin of the TCL was less than 4 mm with a 
right angle to the ulnar nerve (Figure 1.13: 2).  
Group III:  The CB coursed obliquely from the 4th CDN (ulnar) to the 3rd CDN 
(median), originated below the distal margin of the TCL, the origin angle 
is very acute (Figure 1.13: 3).   
Group IV: The CB branched from the 3rd CDN (median) to the 4th CDN (ulnar) 
(Figure 1.13: 4).  
 
  
Figure 1.13:  Schematic drawings of the branching patterns of the palmar 
communicating branch according to Ferrari and Gilbert 
classification. (1) Group I; (2) Group II; (3) Group III; (4) Group IV; 
u, ulnar nerve; m, median nerve; b, communicating branch (Stančić 
et al., 1999). 
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Ferrari and Gilbert (1991) also described a triangular zone in the palm where the CB is 
always found. This zone is bounded distally by the proximal transverse crease, laterally 
by the longitudinal crease between the thenar and hypothenar eminence and extends 
medially to the middle half of the hypothenar eminence (Ferrari and Gilbert, 1991). This 
area however, is not based on morphometric measurements, but rather on observation 
(Figure 1.14).   
 
 
 
 
 
 
 
 
 
 
Figure 1.14:  Risk area where the palmar communicating branch is most likely to 
be found as described by Ferrari and Gilbert (1991) (Triangular area) 
and Don Griot et al. (2000) (trapezoidal area) (Don Griot et al., 
2000). 
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Figure 1.15: Schematic drawing of some of the branching patterns of the palmar 
communicating branch (CB) between the median and ulnar nerve as 
described in the literature. (1) The CB originate from the fourth 
common digital nerve (CDN) proximally and joins the third CDN 
distally; (2) the CB originates from the third CDN proximally and 
joins the fourth CDN distally; (3) The CB travels transversally 
between the third and fourth CDNs; (4) The CB is formed by multiple 
branches from both the third and fourth CDNs (Tagiel et al., 2007).   
Although some might consider the Ferrari and Gilbert (1991) classification system to be 
arbitrary and confusing, Stančić et al. (1999) followed it in their investigation of 100 
adult cadaver hands. Interestingly, they reported different distribution and incidence 
rates than did Ferrari and Gilbert (1991). (Table 1.4).  
Bas and Kleinert (1999) published a detailed study of the nerve’s distribution in the 
hand and digits. They modified the Meals and Shaner (1983) classification system by 
adding a new type where the palm has multiple CBs coursing in both directions 
between the MN and UN (diffuse interconnection) (Figure 1.15: 4). In 2000, Don Griot 
et al. described a new type where the CB travels perpendicularly between the 3rd and 
4th CDNs (Figure 1.15: 3). Then in another study, they further investigated 26 of the 
palms with a CB and modified the Meals and Shaner (1983) classification system by 
adding several subtypes based on the final destination of the fibres in the CBs (Griot et 
al., 2002) (Table 1.4).   
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Don Griot et al. (2000) used morphometric measurements to localize the CB and 
described a rectangular risk zone where the CB would be in danger of injury during 
surgical procedures. Their risk zone corresponds to the morphometric parameters of 
the proximal origin and distal insertion of the CBs. The proximal origin of the CB was 
localized 22% to 69% of the distance between the BSL and the 3rd MCP joint, whereas 
the distal insertion was found 32% to 81% of the same distance (Don Griot et al., 2000). 
The previously indicated danger zone extends more distally and less medially and 
laterally compared to that described by Ferrari and Gilbert (1991) (Figure 1.14).    
In another study conducted on 56 Brazilian cadaveric hands, Olave et al. (2001) mapped 
the location of the neurovascular structures in the palm in relation to the wrist crease 
and the TCL.  The study found the palmar CB in 54 (96.4%) cases, in the majority of 
which (45/54, 83.3%) the CB originated from the 4th CDN (ulnar nerve) at a mean 
distance of 33.9±5.5 mm and 30.2±8.2 mm to the distal WC in right and left male hands 
respectively; while it emerged at 28.5±6.2 mm and 27.1.33 mm to the distal WC in right 
and left female hands respectively. The CB inserted into the 3rd CDN (median nerve) 
distally at 43.6±6.9 mm and 40.2±6.2 mm to the distal WC in right and left male hands 
respectively; while it joined at 40.7±7.8 mm and 34.4±1.6 mm to the distal WC in right 
and left female hands respectively. The study also reported that the CB was found 
6.2±3.7 mm and 5.3±3.7 mm distal to the TCL at the axial line of the 4th metacarpal bone 
in male and female right hands respectively; while it was found 5.1±2.8 mm and 4.0±1.9 
mm distal to the TCL at the axial line of the 4th metacarpal bone in male and female left 
hands respectively (Olave et al., 2001). Although the study presents significant results, 
the data does not account for the relative position of the CB but rather to the exact 
distances between structures.  
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Figure 1.16: Risk area where the palmar communicating branch (CB) is most 
likely to be found as described by Loukas et al. (2007). Light grey 
area indicates the range where all palmar CBs were found; dark grey 
area indicates the area where the majority (83%) of the palmar CBs 
were found (Loukas et al., 2007).  
Loukas et al. (2007) studied the palmar CB between the MN and UN in 200 adult 
cadavers and by using a modified Meals and Shaner (1983) classification system, were 
able to group the CB into four types and then further subdivide them into 15 subtypes.  
The authors described a risk area similar to the one suggested by Don Griot et al. 
(2000) (Figure 1.16). By using the midpoint of the CB as a reference point, they 
indicated that the danger zone extends between 35% and 62% of the distance between 
the BSL and the 3rd MCP joint, but also mention that the CB was found outside this 
zone in 27% of cases (Loukas et al., 2007).  
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In a study by Biafora and Gonzalez, (2007), morphometric data were collected from 50 
adult cadaveric hands to map the CB between the MN and UN in the palm area using 
the distal wrist crease as a reference point. The CB was found to anastomose with the 
UN 31.68±7.50 mm (17-45 mm) distal to the distal WC and with the MN 39.03±7.32 
mm (30-55 mm) distal to the distal WC. The study also defined the medial and lateral 
borders of where the CB is most likely to be found as the fifth ray and the third 
webspace respectively (Biafora and Gonzalez, 2007). 
Investigating the palms of 169 adult cadavers Kawashima et al. (2004), later modified 
by Dogan et al. (2010), suggested a new classification system of six groups that includes 
the absence of the CB. The different types mentioned by Kawashima et al. (2004) and 
Dogan et al. (2010) were all previously described in the literature but categorized into 
more precise and logical systems.  
The palmar CB between the MN and UN is clinically important because it alters the 
typical 3½ median-1½ ulnar sensory distribution of the digits thus potentially changing 
the clinical signs and symptoms and leading to errors in diagnosis. The size of the CB 
and location can vary among individuals. A case report by Rollins and Meals (1985) of 
laceration of the CB due to trauma found the CB to be equal in diameter to the 3rd CDN 
proximal to their merger indicating to them that almost half of the fibres of the 3rd 
CDN are from the ulnar nerve. Injury to this nerve could explain the sensory 
disturbances encountered in patients who underwent otherwise perfect wrist or hand 
surgery. Stančić et al. (1999) reported that the CB was located in the area of the distal 
incision of the two portal carpal release technique in 28% of cases investigated. Arner et 
al. (1994) reported 10 cases of sensory disturbances in the ring and the middle or little 
fingers after two portal endoscopic carpal tunnel release. The study also reported that a 
palmar CB was found in close proximity to the distal margin of the released TCL in two 
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patients and a neuroma was found in the CB in one patient (Arner et al., 1994). In 
another case report by May Jr and Rosen (1981) a large neuroma was found on the CB 
following a carpal tunnel release of a 34 year old patient. The neuroma caused sensory 
disturbances on the lateral side of the ring finger: symptoms were resolved once the 
neuroma was resected (May Jr and Rosen, 1981). Due to its close proximity to the distal 
margin of the TCL, the CB is at risk during surgical procedures to the hand and wrist in 
carpal tunnel release, ring finger flexor tendon surgery, Dupuytren’s fasciectomy and 
during exploration of the ulnar side of the TCL and Guyon’s canal (Rollins and Meals, 
1985; Olave et al., 2001). Injury to the nerve causes tingling sensation or hyperesthesia in 
the digits depending on the topography of the injured branch in the affected patient 
(Loukas et al., 2007). Knowledge of the location and range of possible CBs will aid 
clinicians to better assess and diagnose cases pre-operatively, recognize and preserve 
CBs intra-operatively, and accurately evaluate complications post-operatively. 
1.3. Dorsum of the hand: 
The dorsum of the hand is supplied by the dorsal branch of the ulnar nerve (DBUN), 
the superficial branch of the radial nerve (SBRN) and occasionally the lateral 
antebrachial cutaneous nerve (LABCN). The DBUN originates about 80 mm proximal 
to the wrist crease and courses distally and dorsally to innervate the skin of the medial 
dorsal hand and the dorsal surface of the medial one and half digits (Figure 1.17) (Botte 
et al., 1990). The SBRN originates at the level of the lateral epicondyle and courses 
distally to become cutaneous by emerging between the tendons of brachioradialis and 
extensor carpi radialis longus. It supplies the dorsal skin of the hand and the dorsal 
skin of the lateral three and half digits as far as the distal interphalangeal joint. The 
DBUN and SBRN may communicate at the dorsum of the hand. The communicating 
branch allows exchange of sensory fibres between the two nerves.  
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Knowledge of the sensory innervation of the dorsum of the hand is based generally on 
historical large studies examining the nerves of the dorsum of the hand. However, most 
studies agree that variations in the sensory innervation to the dorsum of the hand are 
not uncommon making the two nerves vulnerable to injury during arthroscopic and 
open surgeries performed in the dorsum of the hand (Cirpar et al., 2012). Stopford 
(1918) clinically examined more than 1000 gunshot patients from World War I and 
reported anaesthesia patterns following peripheral nerve injuries. The study reported 
that the DBUN was responsible for innervating the skin of the medial dorsal surface of 
the hand and the medial one and half digits in 79% (Stopford, 1918). Dissecting 16 cases, 
Linell (1921) found the DBUN to supply the dorsal surface of the medial one and half 
digits in only 2 cases (12.5%), the dorsal surface of the medial two digits in 2 cases 
(12.5%), the dorsal surface of the medial two and half digits in 11 cases (68.8%), and the 
dorsal surface of the medial three and half digits in one case (6.25%). The study 
SBRN usually 
innervates the 
lateral 3½ digits 
DBUN usually 
innervates the 
medial 1½ digits 
Figure 1.17:  Schematic drawing showing the innervation territory classically 
described in the literature (Source: Author). 
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suggested that the seventh cervical nerve fibres, responsible for supplying the middle 
finger, travel in the DBUN from high connections at the level of the brachial plexus. 
Auerbach et al. (1994) investigated the SBRN in 20 cadaveric upper limbs and reported 
that the most common innervation pattern was the SBRN innervating the skin for over 
the lateral two and half digits noted in 45% of the cases, whereas it innervated the 
lateral three and half in 30%. The study also reported that the SBRN exceeded its 
innervation territory supplying the lateral four digits and the lateral four and half digits 
in one case each (Auerbach et al., 1994). In more recent studies, Mok et al (2006) 
investigated the dorsum of the hand in 30 cadaveric hands and reported that the most 
common pattern of distribution of the DBUN was innervation of the skin over the 
medial two and half digits, noted in 24/30 cases. The classical description of the medial 
one and half digits innervation was only present in 4/30 cases. The study also described 
the most common pattern of distribution for the SBRN, present in 16/30 cases, being 
innervation of the lateral two and half digits, whereas the classical description of the 
lateral three and half digits was only found in 9/30 cases. Moreover, dual innervation 
was noted in 10 cases where the two nerves innervated the medial side of the middle 
finger and/or the lateral side of the ring finger; however, no mention of communicating 
branches was made (Mok et al., 2006). In velocity conduction studies, a reduced or 
absent action potential response may result due to variations in the innervation 
territory. Authors have advocated that in cases of abnormal DBUN response, the SBRN 
should be stimulated to confirm pathology and exclude atypical sensory patterns 
(Dutra De Oliveira et al., 2000; Garibaldi and Nucci, 2000).   
Communicating branches between the SBRN and the DBUN can alter the sensory 
innervation in the dorsum of the hand. The incidence rate of these communicating 
branches was reported as 4.2% by Botte et al. (1990), 15% by Auerbach et al. (1994), and 
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60% by Loukas et al. (2008). Such communication can explain the low, absent or/and 
atypical response in conduction velocity studies1 (Garibaldi and Nucci, 2000).  
An all radial supply to the dorsum of the hand has been mentioned in the literature 
with various incidence rates. In dissection based studies it was found in 4.2% as 
reported by Botte et al. (1990), 3.3% by Mok et al. (2006), 5.5% by Tiznado et al. (2012) 
and 8% by Robson et al. (2008). In velocity conduction studies it was reported in 19% 
by Pollak et al. (2013) and 12.9% by Stappaerts et al. (1996). In conduction velocity 
studies, small nerves cannot produce enough response to be detected due to their small 
diameter and/or the few number of axons present in that nerve. Examiners, studying 
the dorsum of the hand, would therefore interpret an absent or low amplitude as the 
nerve being absent and thus assume the dorsal surface of the hand to be solely supplied 
by the SBRN. This can explain the higher rates reported in conduction velocity studies 
compared to that reported in dissection based studies. Failure to recognise variations in 
the sensory innervation of the dorsum of the hand could lead to misdiagnosis of ulnar 
neuropathy in the forearm or at the elbow especially when there are more than two 
variations coexisting (Leis et al., 2010).  
Interestingly, the pattern of the innervation in the dorsum of the hand is not only 
variable in general, but also variable between the two hands of the same individual. In a 
study conducted on cadavers, Huanmanop et al. (2007) reported asymmetry in the 
SBRN pattern in 17/79 cases (21.5%). In their study, Stappaerts et al. (1996) 
investigated the cutaneous nerve’s action potential response from 31 subjects and 
reported that symmetry between the right and left hands was found in only 9/31 
subjects (29%). Also Dutra de Oliveira et al. (2000) reported significant differences 
between right and left hand sides in 21% of their cases. In conduction velocity studies 
                                                          
1
 The communicating branch between the SBRN and DBUN is further explained in section 1.3.3. 
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where the healthy hand is used as a reference to compare the affected hand, it is 
important for clinicians interpreting the conduction velocity test results to be aware of 
possible variations and asymmetry. The other healthy hand should not be taken as an 
absolute reference.    
Knowledge of the course and anatomical relations of the DBUN and the SBRN to other 
structures in the distal forearm and wrist is critical in clinical settings where diagnostic 
and therapeutic procedures can put them in danger of injury.  
1.3.1. Superficial branch of the radial nerve 
At the level of the elbow, the radial nerve divides into superficial and deep branches. 
The radial nerve can divide 20-50 mm proximal or distal to the radiocapitellar 
(humeroradial) joint. The superficial branch of the radial nerve (SBRN) courses 
superior to supinator and continues deep to brachioradialis. In the distal half of the 
forearm, the SBRN pierces the antebrachial fascia between the tendons of 
brachioradialis and extensor carpi radialis longus to become subcutaneous about 90 
mm proximal to the wrist. In 10% of specimens, the nerve may become subcutaneous by 
piercing the tendon of brachioradialis (Doyle and Botte, 2003): a lower incidence was 
reported in a Thai cadaver study conducted by Huanmanop et al. (2007). The SBRN 
was noted to emerge between two parts of the brachioradialis tendon in 3.8% 
(Huanmanop et al., 2007). Such a variation might cause nerve entrapment.  
The nerve continues distally and divides into two (91.67%) (one palmar and one dorsal) 
or three branches (8.33%) 51 mm proximal to the RSP (Ikiz and Üçerler, 2004). It is 
estimated that the nerve becomes subcutaneous and divides for the first time after it 
becomes subcutaneous in the distal 20-36% of the distance between the lateral humeral 
epicondyle and the RSP. All branches of the SBRN pass lateral to Lister’s tubercle (LT), 
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with the closest branch to the first dorsal compartment passing within a mean distance 
of 4 mm. With various patterns and configurations, the palmar branch continues 
distally to supply the dorsolateral side of the thumb. It may divide into smaller 
branches that spread to supply the palmolateral side of the thenar eminence. It is not 
uncommon for the palmar branch to communicate with distal branches from the 
LABCN. The dorsal branch continues distally and further divides at the level of the RSP 
into two or three branches supplying the dorsomedial side of the thumb and the 
dorsolateral side of the index finger; the dorsomedial side of the index and the 
dorsolateral side of the middle finger; and the dorsomedial side of the middle finger and 
the dorsolateral side of the ring finger. The dorsomedial branch to the thumb and the 
dorsolateral branch to the index finger originated from the same main branch in 65% of 
the specimens (Doyle and Botte, 2003). The SBRN branches are numbered from dorsal 
to palmar and are called superficial radial 1 (SR1), SR2 and SR3 supplying the dorsal 
surface of the middle and lateral side of the ring finger, the index and medial side of the 
thumb, and the lateral side of the thumb respectively (Ikiz and Üçerler, 2004). 
Knowledge of the branching patterns to the thumb and the digits may help prevent 
iatrogenic injuries of the nerve and its branches during various clinical procedures. 
Furthermore, understanding the patterns and the anatomical course can provide 
opportunities to modify or create new clinical applications for reconstructive hand 
surgeries. Various reverse neurofasciocutaneous flaps can be obtained from the SBRN 
branches with acceptable donor site morbidity (Tellioǧlu et al., 2000). The pattern of 
distribution of the SBRN exhibited many configurations. Obtaining a classification 
system from those configurations is considered a challenge to anatomists. Table 1.5 
describes the classification used in the literature and the incidence rate of each pattern.  
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Due to its location and close anatomic relations to other structures in the wrist and 
hand, the SBRN is at risk of direct or iatrogenic injury during distal radial fractures, 
fixation and reduction of the distal radial fractures, arthroscopic procedures to the 
wrist, cephalic vein cannulation, and first dorsal compartment release. 
The SBRN is at risk of direct injury during distal radial fractures and indirectly during 
the treatment of those fractures. Compressive casts or fracture bracelets may cause 
nerve irritation and further complicate the injury (Ikiz and Üçerler, 2004). External 
fixator pins are used to stabilize distal radial fractures and have proven to give good 
clinical results. Anderson et al. (2004) investigated complications associated with 
using external fixation techniques in 24 patients and reported that 66.7% of patients 
developed different complications of which 21% were neuropathies involving the 
median nerve or the SBRN. The surgeon’s technique in placing the pin influences the 
incidence of SBRN injury. An open technique can provide better visualisation and 
perseveration of the nerve. In Anderson et al. (2004) series 23 of the 24 patients had 
open technique. Moreover, Kirschner wire fixation is used to reduce and stabilize distal 
radial fractures. It is done through inserting the pins through the anatomic snuff box 
and through the RSP putting the branches of the SBRN that are passing close or over 
the region at risk of injury. Ikiz and Üçerler (2004) found a branch of the SBRN passing 
in the anatomic snuff box in 16.67% of specimens. Klitscher et al. (2007) reported that 
the closest branch to the RSP passed as close as 1 mm to the RSP. Steinberg et al., 
(1995) reported injury to the SBRN in 10% (2/20) and to the LABCN in 15% (3/20) of 
the specimens during percutaneous Kirschner wire fixation through the anatomic snuff 
box. The study also identified a safe zone of 68 mm2 in the anatomic snuff box where 
injury to neurovascular structures could be avoided (Steinberg et al., 1995). However, 
individual anatomical variations in the anatomic snuff box eliminate the existence of a 
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true safe zone (Whipple and Poehling, 1996; Korcek and Wongworawat, 2011). Singh et 
al. (2005) investigated the incidence of SBRN injury due to radial Kirschner wire 
insertion through the styloid process and reported that damage was found in 20% 
(8/40) of cases investigated. The SBRN is not only at risk of injury during the insertion 
of the Kirschner wires, but also during removal and by the continuous friction with the 
bent or buried end of the wire (Singh et al., 2005; Sharma et al., 2006). Hochwald et al. 
(1997) compared the risk of inserting a Kirschner wire by an open technique and a 
limited open technique on the SBRN and noted that the SBRN was damaged in 7/22 
(32%) in percutaneous insertion through the styloid process, while it was only injured 
in one case when the limited open technique was used. Many reports advocate placing 
the Kirschner wires into the distal radius by limited open incision with blunt 
dissection to the bone and using a soft tissue protector as it provides better 
visualization and allows identification and preservation of neurovascular structures 
(Hochwald et al., 1997; Singh et al., 2005).   
Elastic intramedullary nailing is frequently used for displaced and unstable paediatric 
fractures in the forearm. It is a preferred technique as it limits soft tissue stripping, 
results in limited surgical scars, is minimally invasive and allows early postoperative 
movement (Klitscher et al., 2007; Cumming et al., 2008). Radial nailing is achieved 
about 20 mm proximal to the epiphysis (Garg et al., 2008). Although relatively 
infrequent, SBRN injury is one of the complications of this procedure (Cumming et al., 
2008; Fernandez et al., 2010; Kang et al., 2011). Fernandez et al. (2010) reported that 
lesions of the SBRN may occur due to the primary fracture, insertion of the nails or at 
the time of material removal. Careful dissection and identification of the SBRN 
branches during the insertion of the nails can decrease the injury; however scar tissue 
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formation may hinder identification of the nerve and thus limit the possibility of 
preservation (Fernandez et al., 2010).  
The SBRN and the cephalic vein have a close anatomical relationship making the nerve 
at risk during intravenous cannulation at the wrist (Boeson et al., 2000). Sawaizumi et 
al. (2003) reported 11 cases of injury to the SBRN due to intravenous injection into the 
cephalic vein at the wrist joint. Complete recovery was achieved within three months 
in 36.4% of cases; however complications persisted in the remaining 63.6% (Sawaizumi 
et al., 2003). The SBRN intersects the cephalic vein 54.3 mm proximal to the RSP; 
however the intersection point could be variable (Klitscher et al., 2007). Gupta et al. 
(2012) investigated the SBRN in 60 hands of spontaneously aborted fetuses and 
reported that the cephalic vein intersected the nerve at the level of the wrist or distal to 
it in all specimens. They also reported that the vein intersected the nerve once in 40% 
and twice in 80% of specimens (Gupta et al., 2012). Robson et al. (2008) indicated that 
the cephalic vein and the SBRN had a close association (2 mm) in 80% of cases 
investigated.  Boeson et al. (2000) recommends immediate withdrawal of the catheter if 
the patient complained of paresthesias or numbness, whereas Sawaizumi et al. (2003) 
believe that wrist venepuncture should only be performed when no other appropriate 
alternative is available. Klitscher et al. (2007) and Robson et al., (2008) recommend 
venepuncture to be performed prior to the nerve piercing the antebrachial fascia to 
avoid any crossing points of the SBRN with the cephalic vein.   
Radial forearm fasciocutaneous free flaps are frequently used for the reconstruction of 
defects in the oral cavity, oropharyngeal cavity, upper limb, lower limb and genitalia 
(Emerick and Deschler, 2007). Damage to the SBRN is a common complication of the 
procedure. Radial nerve morbidity as a complication of radial fasciocutaneous free flap 
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harvest was reported as high as 54% (Lutz et al., 1999). Grinsell and Theile (2005) 
investigated radial nerve morbidity associated with radial artery free flap harvest in two 
techniques that depend on harvesting the venae commitantes or the cephalic vein with 
the flap. The study concluded that the incidence of damage to SBRN branches was 9% 
when harvesting the venae commitantes and doubled (18%) when the cephalic vein was 
involved (Grinsell and Theile, 2005). The doubling of nerve morbidity due to including 
the cephalic vein in the flap can be explained by the close anatomical association 
between the cephalic vein and the SBRN that puts the nerve in danger of injury during 
clinical procedures performed close to the cephalic vein (Robson et al., 2008).  
The SBRN is an important structure to consider during clinical procedures to the radial 
artery.  Robson et al., (2008) reported that the radial artery was closely associated with 
the SBRN at the level of the RSP in 12 (48%) of 25 specimens and to the LABCN in 6 
(24%). The radial artery is harvested for coronary artery bypass surgery and is 
frequently used for arterial blood gas analysis. Percutaneous needle puncture is 
considerably painful and may provoke anxiety and discomfort in patients that require 
multiple arterial blood gas analysis (Tran et al., 2002). Several studies have concluded 
that the use of topical anesthetic gels did not contribute to the reduction of pain during 
radial artery puncture in comparison to local infiltrative anesthesia (Tran et al., 2002; 
Aaron et al., 2003; Robson et al., 2008). The pain might be induced as a result of 
irritation or injury to the SBRN branches or the LABCN which are closely associated to 
the radial artery. Robson et al. (2008) recommended approaching the artery from the 
ulnar side as they found no nerve branches passing on the ulnar aspect of the artery.  
The radial artery is harvested for coronary artery bypass surgery: complications at the 
site of harvest have been reported in the literature. Greene and Malias (2001) reported 
sensory disturbances related to the SBRN and the LABCN in 36 arms (10.7%).  A higher 
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incidence rate was reported by Siminelakis et al. (2004) after investigating 54 patients 
who underwent radial artery harvesting for coronary bypass surgery. Sensory 
disturbances were reported in 34.09% of which 31.28% were dorsal disturbances and 
2.27% were palmar (Siminelakis et al., 2004). In another study investigating the 
complication of radial artery harvest in 560 patients, Denton et al. (2001) reported that 
dorsal sensation abnormalities were found in 13.8%, palmar abnormities were reported 
in 12.7% and decreased thumb function in 5.5% indicating the involvement of the 
median nerve and the SBRN. The study however, did not explore the possibility of 
involvement of LABCN injury and explains the neurological complications by direct 
injury to the SBRN and indirect median nerve ischemia due to loss of collateral radial 
blood supply (Denton et al., 2001). It is clear that the dorsal sensory abnormalities are 
caused by SBRN injury only; moreover the palmar abnormalities may be the result of 
injury to LABCN, SBRN branches, or both. Although endoscopic techniques use a small 
skin incision which minimizes wound infection and scarring leading to less 
postoperative recovery time and better cosmetic results, sensory disturbances have 
been reported in conventional and endoscopic radial artery harvest. The distribution of 
sensory disturbances indicates the involvement of both the SBRN and the LABCN in 
the conventional open method. Endoscopic harvest showed paresthesia in smaller areas 
confined to the SBRN sensory territory which suggests that only the SBRN is involved 
(Shapira et al., 2006). In another study neurological complications including a lesion in 
the radial artery and paraesthesia developed in 22 and 24 patients who underwent 
radial artery harvest by conventional open and endoscopic methods respectively 
(Bleiziffer et al., 2008).  
Arthroscopy to the lateral area of the wrist or the dorsum of the hand can put the SBRN 
at risk of injury. Arthroscopy is a diagnostic and therapeutic tool used in many clinical 
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conditions including triangular fibrocartilage complex tears, carpal interosseous 
ligament injuries, reduction and fixation of distal radial fractures and resection of 
dorsal ganglia. The SBRN passes superficially to the arthroscopic portals. Kiliç et al. 
(2009) investigated the relation of wrist arthroscopy portals to the SBRN in 11 
cadaveric hands. Due to the small area where arthroscopic portals can be positioned 
and the great number of individual anatomic variations, the authors stated that it was 
not possible to create guidelines to prevent SBRN injury and recommended making 
skin-only incisions and proceed by blunt dissection to establish portals and minimize 
the risk of injury to the SBRN (Kiliç et al., 2009).  Ropars et al. (2010) investigated the 
portals used in carpometacarpal and metacarpophalangeal joints in thumb arthroscopy 
in 30 fresh cadaveric wrists and reported that SR2 and SR3 are at high risk of injury as 
they pass close to the portals. 
Arthroplasty to the distal scaphoid joint is used to eliminate pain and restore strength 
and function in the wrist. The procedure includes a longitudinal 40 mm incision 
between the scaphoid and trapezium ending just distal to the RSP. Careful dissection 
and gentle retraction of the SBRN is essential to avoid injury to the nerves passing over 
the region (Wessels, 2004). Wessels (2004) investigated arthroplasty to the distal 
scaphoid joint in 63 patients and reported two cases of SBRN injuries. An interesting 
case was reported by Kuruvilla et al. (2002) of a patient complaining of sensory 
disturbances in the dorsomedial side of the hand after undergoing wrist arthroplasty 
even though the surgical incision did not pass over the DBUN. The SBRN innervated 
the entire dorsal surface of patient’s hand, thus a lesion on the medial branches of the 
SBRN caused by the surgical incision resulted in sensory loss (Kuruvilla et al., 2002).  
Extensive knowledge of the innervation of the wrist joint is essential in Wilhem’s 
technique for wrist denervation. Careless dissection of the lateral side of the wrist over 
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the styloid process and the first dorsal compartment can injure sensory branches of the 
SBRN and/or cause neuromas (Ekerot et al., 1983). Paresthesia in the lateral region has 
been reported following the procedure indicating possible injury of the main nerve 
(Ferreres et al., 2002).  
De Quervain’s disease is an inflammatory disease of the first dorsal compartment. The 
surgical treatment of this condition includes the release of the first dorsal compartment 
to allow the inflammation to subside. Treatment varies from immobilization of the 
wrist to surgery according to the severity of the condition. Branches of the SBRN pass 
over the first compartment in 16.67% of cases (Ikiz and Üçerler, 2004). Investigating 40 
Thai cadavers, Huanmanop et al. (2007) reported that the incidence of SBRN branches 
passing over the first dorsal compartment is double that mentioned by Ikiz and Üçerler 
(2004), being 38%. Klitscher et al. (2007) stated that the SBRN branches may pass as 
close as 2 mm to the middle of the first dorsal compartment. Many surgical techniques 
have been encouraged in the literature arguing their cosmetic outcome or reduced 
complications. According to Robson et al. (2008), the transverse incision or the z 
incision would have consistently crossed the SBRN branches in all cases investigated. 
The authors advocate the use of a longitudinal incision 25 mm proximal to the RSP as it 
avoided damaging any SBRN branches in 68%. The authors also stress the importance 
of careful dissection to help identify and preserve the nerve branches in the remaining 
32% (Robson et al., 2008).  Surgeons should be aware of the presence and close 
proximity of the nerve and should try to identify and preserve any nerve tissue to avoid 
postoperative complications.  
Procedures done on the wrist or the dorsum of the hand such as nerve blocks through 
the anatomic snuff box or bone grafts taken from the distal radius between the first and 
second dorsal compartments can injure the nerve branches passing over the region. It is 
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reported that the SBRN passes over the anatomic snuff box in 16.67% of specimens 
(Ikiz and Üçerler, 2004); however Huanmanop et al. (2007) reported that SBRN 
branches passed over the anatomical snuff box in 64.6% in Thai cadavers. 
It is important to anesthetize the main trunk prior to first branching to achieve total 
sensory blockade of the SBRN. Robson et al. (2008) recommend local anaesthetic 
infiltration to be administered when the SBRN becomes subcutaneous prior to giving 
its first branch between the distal 33% and 20% of the total length of the arm. 
It is not uncommon for the SBRN to connect with the LABCN. Usually the LABCN 
connects with the palmar branch to supply the lateral side of the thenar eminence. 
Huanmanop et al. (2007) found the connections between the two nerves in 34 Thai 
cadaveric arms (43%), while Ikiz and Üçerler (2004) reported it in 20.83%. LABCN 
was found to extend over the anatomic snuff box in 52.5% and supply the same area as 
the SBRN in 10%. The LABCN was also reported to take over the innervation territory 
of SR3 (over the lateral and palmolateral side of the thenar eminence) in 5% (Korcek 
and Wongworawat, 2011). Mackinnon and Dellon (1985) reported a partial or complete 
overlap between the two nerves in 75% of cases and that injuries to SBRN will be 
associated with LABCN injuries. Due to the connections between the two nerves, 
sectioning SBRN alone to treat neuroma-related pain at the dorsolateral side of the 
wrist might not have effective outcomes (Mackinnon and Dellon, 1985; Robson et al., 
2008). Knowledge of these connections is important in cases of denervation, wrist and 
thenar region local anaesthesia or nerve block. Table 1.6 outlines anatomic 
measurements of the SBRN described in the literature.   
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1.3.2. Dorsal branch of the ulnar nerve 
Arising from the medial aspect of the main trunk of the ulnar nerve, the dorsal branch 
of the ulnar nerve (DBUN) supplies the dorsal surface of the medial 1½ digits. It 
originates 83 mm from the proximal border of the pisiform, courses distally and 
medially deep to flexor carpi ulnaris to become subcutaneous 50 mm proximal to the 
pisiform. Proximal to the wrist it gives two or three branches, one of which supplies the 
ulnocarpal joint capsule. The nerve can also divide before becoming subcutaneous 
(Mok et al., 2006). The course of the nerve differs slightly according to the anatomical 
position of the arm. The nerve passes close to the medial border of the widest diameter 
of the ulnar head when the arm is supinated; whereas it passes on the palmoulnar 
border of the ulna head when the arm is pronated (Botte et al., 1990). The nerve gives 
one or two branches in the hand to supply the little finger and medial side of the ring 
finger. The dorsal branches usually extend to the proximal interphalangeal joint. Table 
1.7 shows the anatomic measurements for the point of origin and point of piercing the 
fascia for the DBUN as reported in the literature.   
Table 1.7: Anatomic measurements and description for the dorsal branch of the 
ulnar nerve as described in the literature 
No. Reference No. of cadavers Anatomical descriptions 
1.  Botte et al., 
1990 
24 fresh upper 
extremities from 
adult cadavers  
 Originated 64±23 mm from the distal 
aspect of the head of the ulna and 83±24 
mm from the proximal border of the 
pisiform. The origin point is located at 
the distal 26% of the total ulna length. 
 At origin, the nerve had a slightly oval 
or round cross-section, 2.4 mm (1.6-3.5) 
in diameter.  
 Pierces the fascia 50±18 mm proximal to 
the pisiform. 
 The nerve gave 3-9 branches along its 
course with a diameter of 0.7-2.2 mm. 
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No. Reference No. of cadavers Anatomical descriptions 
    The nerve was absent in one case and 
communicated with the superficial 
branch of the radial nerve (SBRN) in 
another 
2.  Bertelli and 
Pagliei, 1998 
35 upper 
extremities 
 Originated 64.8 mm (50-160 mm) 
proximal to the pisiform. 
 Measured 2.34 mm (1.2-3 mm) in 
diameter.  
3.  Grossman et 
al., 1998 
 
10 fresh upper 
extremities from 
adult cadavers 
and reported 6 
cases of DBUN 
entrapment 
 Originates 55 mm proximal to the head 
of ulna. 
 The dorsal branch of the ulnar nerve 
(DBUN) reaches the dorsal aspect of the 
hand by crossing volar to the ulnar head. 
 No communications were found 
between the DBUN and the SBRN. 
4.  Casoli et al., 
2004 
22 fresh upper 
extremities from 
adult cadavers. 
 Originated 80 mm (60-105 mm) 
proximal to the pisiform. 
  Formed an angle of 30-60 with the 
ulnar nerve coursing to the dorsum of 
the hand. 
 The nerve divided into two terminal 
branches. 
5.  Mok et al., 
2006 
30 formalin fixed 
upper extremities 
from adult 
cadavers 
 Became subcutaneous 26 mm (6-41 mm) 
proximal to the ulna styloid process 
(USP).  
 Divides for the first time 20 mm (-44-20 
mm) distal to the USP. 
 The second major division occurs 26 
mm (-3-43 mm) distal to the USP. 
6.  Tindall et al., 
2006 
10 left and 10 
right upper 
extremities from 
20 formalin fixed 
cadavers.  
 The DBUN crossed a line between the 
USP and the fourth web space at an 
average of 24mm distal to the USP 
corresponding to the proximal 23% of 
the previously described distance.  
 The DBUN coursed 14mm (10-19 mm) 
medially to the USP.  
7.  Goto et al., 
2010 
30 formalin fixed 
upper extremities 
from adult 
cadavers 
 Originated from the main trunk of the 
UN at 34±13 mm (7-61 mm) proximal to 
the USP. 
 Two types were noted:  
o Proximal type: 21/30 
o Distal type: 9/30 
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No. Reference No. of cadavers Anatomical descriptions 
8.  Puna and 
Poon, 2010 
32 upper 
extremities from 
19 soft embalmed 
cadavers  
 Originated 51±14 mm (25-80 mm) 
proximal to the USP and 19±6 mm (10-
30 mm) palmar and lateral to the 
subcutaneous border of the ulna.  
 Crossed the subcutaneous border of the 
ulna from palmar to dorsal 2±11 mm (-
25-25 mm) proximal to USP. 
9.  Cavusoglu et 
al., 2011 
14 formalin fixed 
upper extremities 
from 7 cadavers 
and 22 formalin-
preserved upper 
extremities from 
22 cadavers. 
 Originates 180±2.9 mm distal to medial 
epicondyle and 83.6±2.4 mm proximal 
to the pisiform 
 Pierces the fascia 54.7±1.5 mm to the 
pisiform. 
 The DBUN bifurcated into two terminal 
branches. 
 The DBUN diameter prior to its 
branching from the UN was 1.65±0.03 
mm and at the dorsum of the hand was 
1.6±0.03 mm.  
 
Goto et al. (2010) classified the course of the DBUN based on its division pattern with 
respect to the ulnar styloid process into two groups: 
Proximal type:  The DBUN courses around the ulno-dorsal aspect of the hand 
proximal to the USP. 
Distal type: The DBUN courses around the ulno-dorsal aspect of the hand 
distal to the USP.  
The proximal type was found in 21/30 (70%), while the distal type was found in 9/30 
specimens (30%) (Goto et al., 2010).  
Variations in the anatomical course of the DBUN have been reported in the literature. 
The nerve can arise more proximally from the main trunk of the ulnar nerve even at the 
level of the elbow (Grossman et al., 1998). In a case report by Lama et al. (2009), the 
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DBUN originated from the main trunk of the UN at the level of the elbow near the 
cubital fossa and terminated by dividing into two lateral branches that supplied the 
dorsal medial half of the hand and the medial three digits, and a medial branch that 
connected with a branch from the superficial division of the ulnar nerve to supply the 
medial side of the little finger (Kaplan anastomosis). The nerve was found to be absent 
in some cases, during which the SBRN, the musculocutaneous nerve or the posterior 
cutaneous nerve of the forearm takes over supplying the region otherwise supplied by 
the DBUN.  
Understanding the course and the relationships of the DBUN to the distal area of the 
forearm and the dorsal wrist and hand is important to avoid iatrogenic injuries to the 
nerve during diagnostic or therapeutic procedures such as wrist arthroscopy, 
electrodiagnostic studies, nerve block, carpal tunnel release, and harvesting ulnar nerve 
flaps. It can also be at risk during surgical procedures that require a direct approach to 
the subcutaneous border of the ulna as open reduction and internal fixation, ulnar 
lengthening and shortening procedures, delayed union or non-union of ulnar fracture 
treatments, ulna osteotomy and chronic osteomyelitis treatment (Puna and Poon, 
2010). DBUN injury may present with numbness, dysesthesia, and pain due to neuroma 
formation. It is also important to appreciate its possible involvement in dorsal hand 
injuries or forearm pathologies as metacarpal bone fractures, extensor tendon injury, 
tenosynovitis of extensor carpi ulnaris, and puncture wounds (Grossman et al., 1998).  
DBUN injury is one of the complications of wrist arthroscopy. Rodeo et al. (1993) 
mentioned that the low complications of wrist arthroscopy are due to the low 
frequency of the procedure and the knowledgeable and experienced surgeons 
performing it (Rodeo et al., 1993). For over 15 years, wrist arthroscopy is being used 
more frequently to treat various wrist and hand conditions including evaluation and 
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treatment of the triangular fibrocartilage complex, dorsal ganglion cysts, distal radial 
articular fractures, carpal fractures, carpal instability and inflammatory arthritis of the 
radiocarpal joint (Beredjiklian et al., 2004). As the nerve passes close to the 6th lateral 
portal used in wrist arthroscopy, it is in danger of injury during dissection or retraction; 
or strangulation between sutures. Beredjiklian et al. (2004) reported that 
complications occurred in 5.2% of patients who underwent wrist arthroscopy and that 
1.9% of these cases were related to the DBUN or UN neurapraxia. Ahsan and Yao 
(2012), conducted a literature review on wrist arthroscopy complications and stated 
that they could be underestimated. Tsu-Hsin Chen et al. (2006) reported DBUN injury, 
whereas Nguyen et al. (2011) described cases where the ulnar nerve was sectioned 
during wrist arthroscopy to repair a triangular fibrocartilage complex. McAdams and 
Hentz (2002) investigated triangular fibrocartilage tear repair by using the inside-out 
technique in wrist arthroscopy and the effect on the DBUN. They reported that the 
nerve can pass as close as 0.4 mm to the surgical sutures (average, 1.9 mm) and was 
sandwiched between two sutures in 50% of specimens (McAdams and Hentz, 2002). 
Tindall et al. (2006) suggested the proximal fifth (19%) of the distance between the 
USP and the fourth web space as a safe zone where the 6R portal can be placed with no 
damage to the DBUN.  Incising the skin and identifying the nerve before establishing 
arthroscopic portals or suture passage can prevent accidental sectioning or nerve 
strangulation (McAdams and Hentz, 2002; Tsu-Hsin Chen et al., 2006).   
The DBUN is also used in preparing neurocutaneous flaps and as a donor site for nerve 
grafts. It provides more fascicles than other cutaneous nerves, less likelihood of 
developing neuromas, no sacrifice of major vascular axis and limited donor morbidity as 
the DBUN connects with the SBRN. It is relatively easy to dissect and provides up to 
100 mm of nerve graft harvest (Bertelli and Pagliei, 1998; Casoli et al., 2004; Cavusoglu 
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et al., 2011).  Detailed knowledge and appreciation of the anatomy, course and relations 
of the DBUN is important to properly design, harvest and apply neurocutaneous flaps.    
1.3.3. Dorsal communication between the ulnar and radial nerve 
It is not uncommon for the SBRN and the DBUN to communicate in the dorsum of the 
hand.  However, the communicating branch between the ulnar and radial nerves has 
received limited attention in the literature. The presence of the communicating branch 
can alter the sensory innervation of the digits and complicate surgical procedures that 
have a dorsal approach to the hand or wrist (Loukas et al., 2011). Furthermore, the 
communicating branches in the dorsum of the hand may alter the response of 
conduction velocity tests and thus lead to misinterpretation of the results (Grinsell and 
Theile, 2005).  
The incidence of the CB differs in the literature. Botte et al. (1990) found it in one 
specimen of 24 (4.16%), Auerbach et al. (1994) reported it in 15% of the 20 hands 
explored,  while Loukas et al. (2008) investigated 200 formalin fixed adult cadaveric 
hands and reported the incidence of the communicating branch between the DBUN 
and the SBRN to be 60% (120/200). The communicating branch is classified according 
to its origin into 4 types: 
Type I:  the CB originated proximally from the radial nerve and joined the ulnar 
nerve distally. 
Type II: the CB originated proximally from the ulnar nerve and joined the radial 
nerve distally. 
Type III:  the CB travelled perpendicularly between the radial and ulnar nerves.  
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Type IV:  multiple CBs travelled between the two nerves.  
The incidence rate of each type has been reported at 59.1%, 19.1%, 3.3% and 18.3% for 
type I, II, III, and IV respectively (Loukas et al., 2008).  
Using the DBUN in nerve grafts is believed to cause limited donor site morbidity. This 
could be explained by the communicating branches in the dorsum of the hand and the 
overlap between the cutaneous nerves that would compensate the sensory loss (Bertelli 
and Pagliei, 1998; Cavusoglu et al., 2011). Tubbs et al. (2005) suggested releasing the 
TCL in carpal tunnel syndrome by a dorsal approach between the proximal fourth and 
fifth metacarpals. Such an approach may put the CB at risk of injury.  
Using morphometric data, Loukas et al. (2008) were able to determine an area where 
the CB is at risk of injury during dorsal surgical approaches. The CB was found 
between 12% and 78% of the distance between the bistyloid line and the fourth MCP 
joint. Moreover, 85% of the CBs were found between 28% and 60% of the same 
distance outlining the high risk area (Figure 1.18).  Mok et al. (2006) investigated the 
cutaneous innervation of the dorsum of the hand in 30 cadavers and outlined a safe-
zone where surgical procedures can be performed with minimal risk to major nervous 
structures (Figure 1.19). The study, however did not mention the communicating 
branch between the ulnar and radial nerve and the proposed safe-zone corresponds 
exactly with the risk-zone proposed by Loukas et al. (2008). 
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Figure 1.18:  Risk area where the dorsal CB is most likely to be found as described by 
Loukas et al. (2008). Light grey area indicates the range where all dorsal 
CB were found; Dark grey area indicates where the majority (85%) of 
the dorsal CB were found; mean percentage is indicated by the dotted 
line at 41% (Loukas et al., 2008).  
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Figure 1.19:  The suggested safe area where no major nerve passes as described by 
Mok et al. (2006). Dark lines outline the course of the SBRN 
supplying the lateral two and half digits and the DBUN supplying the 
medial two and half digits; CMCJ, metacarpophalangeal joint (Mok 
et al., 2006). 
 
1.4. Project objectives: 
Reducing postoperative complications and increasing patients satisfaction is a 
fundamental goal for hand surgeons. Understanding and appreciating the close and 
sensitive anatomical relationships in the hand is vital to achieving this goal. The 
literature often reports different descriptions with regard to the main nerves supplying 
the sensory innervation of the hand. This project will investigate the main nerves 
providing the cutaneous innervation to the hand: the PCBMN, CDNs, UN in the palm; 
and SBRN, DBUN and LABCN in the dorsum of the hand. It aims to describe their 
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common course and branching patterns, examine the prevalence of anatomic variations 
and their clinical significance. Furthermore, it aims to investigate possible CB, their 
prevalence and their impact in clinical settings. This project aims to achieve the 
following:    
1. Outline the common course and the branching pattern of the cutaneous 
nerves that supply the hand and discuss possible variations in their course.  
2. Categorize branching patterns and produce a classification system. 
3. Investigate possible relations and associations between patterns of 
distributions.   
4. Investigate dorsal-palmar communication between the nerves that supply 
the dorsal and palmar surfaces of the hand. 
5. Describe the distribution and branching pattern of the SBRN, DBUN in the 
dorsum of the hand and their relationship to the wrist and distal area of the 
forearm.  
6. Determine the incidence rate of the communicating branch(es) between the 
SBRN and DBUN, its/their pattern, and common locations.  
7. Describe the distribution and branching pattern of the PCBMN in the palm 
and its relationship to the distal area of the forearm and wrist.  
8. Describe the distribution and branching pattern of the MN and UN in the 
palm and their relationship to the wrist and distal area of the forearm. 
9. Determine the incidence rate of the communicating branch(es) between the 
MN and UN in the hand, its/their pattern, and common location. 
10. Discuss the impact of the distribution and branching patterns of the 
cutaneous nerves on surgical and diagnostic procedures. 
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2. Methods 
2.1. Sample 
All cadavers used for this study were obtained from the Centre for Anatomy and 
Human Identification (CAHID), University of Dundee. All dissections were carried out 
in CAHID’s anatomy laboratory. The samples were collected during the period October 
2011 to April 2013. All cadavers were musculoskeletally mature adults. Arms were not 
amputated and no signs of trauma or pathology were noticed. Measurements were 
taken for each dissection by one observer. 
During the study period, measurements were obtained from 160 formalin-fixed 
cadavers. Table 2.1 summarizes the number of hands dissected during each academic 
year. 
 Table 2.1: Number of hands dissected during the study 
Time Period 
No. of hands 
Total 
Males Females 
October 2011- April 2012 29 48 77 
October 2012-April 2013 41 42 83 
Total  70 90 160 
  
2.2. Anatomical Landmarks 
Different landmarks were chosen for the palmar and dorsal surfaces of the hand. 
Landmarks were chosen because they are easily palpable and relatively constant among 
individuals. Furthermore, the landmarks were selected for their clinical relevance and 
significance. In the dorsum of the hand, the radial (RSP) and ulnar (USP) styloid 
processes, Lister’s tubercle (LT), the third metacarpophalangeal (MCP) joint and the 
middle of the bistyloid line (BSL) were chosen. RSP was identified at the distal radial 
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end of the radius, palpitated through the anatomical snuff box. The USP was palpated 
at the distal medial end of the ulna. A horizontal line connecting between the RSP and 
USP was identified as the BSL. A thread was extended between the two styloid 
processes and then measured representing the length of the BSL. This measurement 
was used to determine the middle of the BSL. LT was identified as a bony palpable 
projection at the distal posterior surface of the radius (Figure 2.1).  
Moreover, the distal wrist crease (WC), the distal margin of the TCL, the middle of the 
scaphoid tubercle, the proximal margin of the pisiform bone, the third MCP joint and 
the middle of the BSL were selected as landmarks for the palmar measurements (Figure 
2.2). The scaphoid tubercle was palpated on the radial aspect of the base of the hand 
just distal to the distal WC, the middle of the scaphoid tubercle was estimated. The 
pisiform was identified on the medial base of the hand, palpitated just distal to the WC. 
The TCL was identified deep to the palmar aponeurosis making the roof of the carpal 
tunnel. The distal edge was determined at the level of the most proximal point at the 
distal margin. Table 2.2 lists the anatomical landmarks and their abbreviations used for 
this study.  
 
Table 2.2:  Summary of the anatomical landmarks used in this study 
No. Landmark Abbreviation Location 
1.  
Radial styloid process RSP Dorsal landmark 
2.  
Ulnar styloid processes USP Dorsal landmark 
3.  
Lister’s tubercle LT Dorsal landmark 
4.  
The third metacarpophalangeal joint 3rd MCP joint 
Dorsal & palmar 
landmark 
5.  
Middle of the bistyloid line BSL 
Dorsal & palmar  
landmark 
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No. Landmark Abbreviation Location 
6.  
The distal wrist crease WC Palmar landmark 
7.  The distal margin of the transverse 
carpal ligament 
TCL Palmar landmark 
8.  
The middle of the scaphoid tubercle ST Palmar landmark 
9.  The proximal margin of the pisiform 
bone 
PB Palmar landmark 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1:  Dorsal landmarks used in this study. (1) Radial styloid 
process; (2) Ulnar styloid process; (3) Lister’s tubercle; (4) 
The third metacarpophalangeal joint; dotted horizontal line 
connecting between the radial styloid process and the ulnar 
styloid process indicated the bistyloid line; Red dot indicates 
the middle of the bistyloid line. 
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Figure 2.2: Palmar landmarks used in this study. (1) Transverse carpal ligament; 
(2) Scaphoid tubercle; (3) Bistyloid line; (4) Distal wrist crease; (5) 
Pisiform; (6) Third metacarpophalangeal joint; red dot indicates the 
middle of the bistyloid line.  
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2.3. Measurements 
Measurements were taken by a single observer using digital calipers (Electronic Digital 
Caliper Model DC200-PW, Jade products) and recorded to the nearest 0.1 mm. Positive 
values are distal, negative values are proximal to the preselected landmarks. Results are 
expressed as means, standard deviations, maximum and minimum values.  
Because of the embalming process used in this study, some pitfalls were noticed that 
might have affected the measurements obtained. Although the embalming fluid 
(formalin) does not have a significant effect on the length of the muscles while they are 
still fixed on the skeleton, it can still fixate the joints. With arthritic hands being 
common in the age group of the cadavers used in this study, full extension of the hands 
during measurement taking was not achieved without difficulty (Cutts, 1988; 
Waghmare and Sonar, 2012). It was also noted that once dissected, nerves can shrink as 
they are exposed to air and dry out slightly changing their position. Moreover, hand 
sizes differ between males and females. It also differs between individuals of the same 
gender. Measurements were expressed as relative values overcoming the possible 
influence of fixation solution on human tissue and the different body sizes in the 
studied sample except for some measurements taken for the UN, SBRN, and DBUN1. 
The distance between the third metacarpophalangeal joint and the middle of the BSL 
and WC were used as a reference, with measurements being expressed as a percentage 
of these distances.  
Furthermore, because nerves were fully dissected from their surrounding fat and 
connective tissue, it is possible that the individual nerves may have changed in their 
position. However, care was taken to keep the nerves attached proximally to the 
                                                          
1 Next section explain the measurements taken for each nerve in detail 
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antebrachial fascia where they became cutaneous or to the main trunk they originated 
from and distally to their respective final destination at the metacarpophalangeal joint 
level.  
To test the intra-observer reliability, 16 samples were randomly selected from each 
phase were selected and measurements repeated (see Table 3.2). Differences between 
the original and repeated measurements were statistically tested by running Kruskal-
Wallis test to check for the observer error. A result is considered statistically 
significant when P0.05.   
2.4. Dissection process 
Skin was removed from the distal half of the forearm as far as the metacarpophalangeal 
joints. An incision was made on the lateral side of the distal forearm crossing the wrist 
area to the thumb; skin was dissected from proximal to distal (Figure 2.3 and 2.4). 
While cadavers were in the supine position, the MN was identified in the distal third of 
the forearm between the tendons of flexor carpi radialis and palmaris longus. The 
PCBMN was identified in the distal forearm by careful dissection around the main 
trunk of the median nerve (Figure 2.5 A). It was more difficult to identify the nerve in 
particularly wet specimens where the nerve and the surrounding fat seemed 
undistinguishable. In such cases, the distal forearm was packed with paper towels to 
absorb excess fluid.  
Furthermore, the palmar aponeurosis was dissected and reflected, palmaris brevis 
resected, fascia and fat removed to visualize the superficial structures of the palm. The 
roof of Guyon’s canal (palmaris brevis) was reflected medially or removed in some cases 
where it was less developed. The TCL was cut on its medial side if needed. Care was 
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taken not to damage the ulnar or median digital nerves and any possible 
communicating branches. The surplus fatty tissue was removed for better visualization 
of the nerves; however, the superficial palmar arch and the common digital arteries 
were kept and their relationship to the common digital nerves or any communicating 
branches noted (Figure 2.5 and 2.6).  
In the dorsal surface of the hand, from the same incision previously made for the palmar 
surface, skin covering the dorsum of the hand to the metacarpophalangeal joints was 
removed. The cephalic vein was identified and marked. The rest of the dorsal veins were 
only removed to better visualize the nerves, otherwise they were preserved. The SBRN 
was identified as it became subcutaneous between the tendons of brachioradialis and 
extensor carpi radialis longus. Subcutaneous fatty tissue was removed and the nerve 
traced (Figure 2.7). DBUN, if present, was identified in the dorsum of the hand at the 
location where the SBRN nerve fibres stop. The DBUN, if present, was also identified, 
preserved and dissected in the dorsum of the hand.    
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B 
C 
A 
Figure 2.3:  Skin incisions outlined in the distal forearm and hand. (A) Lateral 
hand view; (B) Posterior forearm and dorsal hand view; (C) Anterior 
forearm and palmar hand view.  
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A 
B 
C 
Figure 2.4:  Skin removed in the distal forearm and hand. (A) Lateral hand view; 
(B) Posterior forearm and dorsal hand view; (C) Anterior forearm and 
palmar hand view.  
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A 
Figure 2.5:  Dissection of the palmar surface of the hand. (A) Identifying the 
median nerve (MN) and the palmar cutaneous branch of the median 
nerve (PCBMN) at the distal forearm. (B) Reflecting the palmar 
aponeurosis. FCR, flexor carpi radialis; PL, palmaris longus. 
B 
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A 
B 
Figure 2.6:  Dissection of the palmar surface of the hand. (A) Removing the surplus 
fascia and fat to view superficial palmar structures. (B) The palm after 
dissection and opening of Guyon’s Canal. TCL, transverse carpal 
ligament; PB, palmaris brevis; RMBMN, recurrent motor branch of the 
median nerve; white bold arrows indicate the digital nerves; white 
arrow head indicates the superficial palmar arch. 
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Figure 2.7:  Dissection of the dorsal surface of the hand by removing the surplus 
fascia and fat to better view structures of interest. (A) Lateral hand 
view. (B) Dorsal hand view. SBRN, superficial branch of the radial 
nerve. 
A 
B 
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The origin of the PCBMN and the detachment point from the main trunk of the MN 
were marked and measurements were taken to the distal WC. The point of origin was 
defined as the point where the PCBMN could be seen as a separate nerve trunk but still 
coursing in the same neural sheath as the MN. The point of detachment was defined 
when the PCBMN separated from the MN neural sheath (Figure 2.8). The PCBMN was 
traced into the palm and small branches were preserved. The anatomical course of the 
nerve and its relationship to palmaris longus, flexor carpi radialis, and the PCL was 
noted. The nerve’s tunnel was identified when the nerve coursed between the fibres of 
the PCL proximal to the WC (Figure 2.9). The distal end of the tunnel was identified as 
the nerve becomes subcutaneous between the fibres of the palmaris longus blending 
with the palmar aponeurosis. The length of the tunnel was measured. Branching 
patterns of the PCBMN were classified based on the number of sub-branches coming 
off the PCBMN and incidence rates were calculated.   
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Figure 2.8:  Distances measured of the palmar cutaneous branch of the median 
nerve (PCBMN). (1) Origin point of the PCBMN; (2) Detachment 
point of the PCBMN from the main trunk of the median nerve (MN); 
(3) Level of the wrist crease (WC) also indicated by the black pin; A, 
distance between the origin point and the WC; B, distance between 
the detachment point and the WC; PL, palmaris longus; FCR, flexor 
carpi radialis; Lat, lateral; Med, medial; Dist, distal; Prox, proximal. 
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The first common digital nerve branching pattern was investigated. The point of CDNs 
division to PDNs was marked and distances perpendicular to the level of the scaphoid 
tubercle and the middle of the BSL measured. The distance between the branching 
point of the fourth CDN into the PDNs of the lateral side of the little finger and the 
medial side of the ring finger was perpendicular to the proximal edge of the pisiform 
and the middle of the BSL were also measured (Figure 2.10 and Figure 2.11).  
 
 
 
Figure 2.9:  The palmar cutaneous branch of the median nerve (PCBMN) entering 
its tunnel indicated by the bold arrow through the fibres of the palmar 
carpal ligament (PCL). WC; wrist crease level; PL, palmaris longus; 
FCR, flexor carpi radialis; MN, median nerve; Lat, lateral; Med, medial; 
Dist, distal; Prox, proximal. 
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Figure 2.10:  Distances measured of the common digital nerves (CDNs) division 
points into proper digital nerves. (1) Bistyloid line; (2) Scaphoid 
tubercle (ST) level; (3) Proximal edge of the pisiform; A, First CDN 
second division point to ST; B, Second CDN division point to ST; C, 
First CDN first division to ST; D, Third CDN division point to ST; E, 
Fourth CDN division point to distal edge of pisiform. 
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The ulnar nerve in Guyon’s canal was also investigated. The UN point of division into 
deep and superficial branches was measured to the proximal margin of the pisiform 
(Figure 2.12). Communicating branches between the 4th CDN and the PDN to the little 
finger; the deep division of the ulnar nerve and the PDN to the little finger; and the 
DBUN and the UN or its branches were noted.   
 
Figure 2.11:  Distances measured of the common digital nerves (CDNs) division 
points into proper digital nerves. (1) Bistyloid line (BSL); (2) Third 
metacarpophalangeal joint; A, First CDN second division point to BSL; 
B, First CDN first division to BSL; C, Second CDN division point to 
BSL; D, Third CDN division point to BSL; E, Fourth CDN division 
point to BSL. 
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When present, the communicating branch between the median and ulnar nerve was 
also investigated. The proximal and distal attachment points were marked and 
distances to the distal WC, distal margin of the TCL and the middle of the BSL 
measured (Figures 2.13-2.15). The angle at which the CB originated from the main trunk 
Figure 2.12:  Distances measured of the ulnar nerve (UN) division points to the 
proximal edge of the pisiform. (1) The proximal edge of the pisiform; 
(2) The division point of the UN into deep and superficial branches; 
(3) The division point of the superficial branch into a proper digital 
nerve (PDN) to the medial side of the little finger and the fourth 
common digital nerve (CDN); A, The distance between the division 
point of the UN into deep and superficial divisions and the proximal 
edge of the pisiform; B, The distance between the division point of the 
superficial branch of the UN into a PDN to the medial side of the little 
finger and the fourth CDN to the proximal edge of the pisiform; MN, 
Median nerve; UN, Ulnar nerve.    
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and the CB length were measured. The angle was measured by using a protractor. The 
CBs were grouped and classified according to the proximal and distal attachment 
points. Distances from the third MCP joint to the WC and the middle of the BSL were 
measured. Results were expressed as relative values to the distances between the third 
MCP joint to the WC and the middle of the BSL. Based on the proximal and distal 
insertion points the CBs were plotted and a risk area where the CB is most commonly 
found was determined.  
Figure 2.13:  Distances measured of the palmar communicating branch (CB) with 
reference to the transverse carpal ligament (TCL). (1) Distal 
attachment point of the palmar CB; (2) Proximal attachment point of 
the palmar CB; (3) The distal margin of the TCL; A, distance between 
the distal attachment point and the TCL; B, distance between the 
proximal attachment point of the  palmar CB and the TCL; MN, 
median nerve; UN, ulnar nerve.  
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Figure 2.14:  Distances measured of the palmar communicating branch (CB) with 
reference to the wrist crease (WC). (1) Third metacarpophalangeal 
joint; (2) Distal attachment point of the palmar CB; (3) Proximal 
attachment point of the palmar CB; (4) The WC; A, distance between 
the third MCP joint and the WC; B, distance between the distal 
attachment point and the WC; C, distance between the proximal 
attachment point of the palmar CB and the WC; MN, median nerve; 
UN, ulnar nerve.  
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Figure 2.15:  Distances measured of the palmar communicating branch (CB) with 
reference to the middle of the bistyloid line (BSL) (4). (1) The distance 
between the third MCP joint and the middle of the BSL; (2) The 
distance between the distal attachment point of the palmar CB and 
the middle of the BSL; (3) The distance between the proximal 
attachment point of the palmar CB and the middle of the BSL; red dot, 
middle of the BSL; MN, median nerve; UN, ulnar nerve.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the dorsum of the hand, the SBRN and the DBUN were investigated. The point of 
piercing the antebrachial fascia and the first, second and third major branching points 
were noted and distances to the RSP were measured. Care was taken to preserve small 
branches and any connections between the SBRN and the DBUN and/or LABCN. The 
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Figure 2.16:  Anatomic measurements taken for the superficial branch of the radial 
nerve (SBRN). (A) Distance of the point of SBRN piercing the fascia to 
the radial styloid process (RSP); (B1) First, (B2) Second, (B3) Third 
major branching point to the RSP; (C) distance of the closest branch to 
Lister’s tubercle.  
total length of the radius was measured from the radial head to the RSP. The closest 
passing branch to LT was marked and the horizontal distance perpendicular to the long 
axis of the arm to the LT was measured (Figure 2.16). The distance between the middle 
of the closest palmar and dorsal branches to the RSP was measured. A point 25 mm 
distal to the RSP in line with the longitudinal margin of the lateral side of the index 
finger was marked and the distances to the closest palmar and dorsal branches 
documented to investigate a safe incision outline described by Robson et al. (2008). 
The relationship of the SBRN with the cephalic vein was noted (Figure 2.17). Branches 
passing over the anatomic snuff box were noted.  
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The DBUN was identified on the ulnar side of the wrist and traced proximally to the 
origin point from the main trunk of the ulnar nerve. The distance of the nerve’s origin to 
the ulnar styloid process (USP) and the pisiform was measured. The nerve then was 
traced distally, patterns were preserved and first and second major branching points 
recorded to the USP (Figure 2.18). The point where the nerve pierced the fascia to 
become subcutaneous on the medial side of the wrist was noted and the distance to the 
USP measured. The total length of the ulna from the olecranon to the styloid process 
Figure 2.17:  Anatomic measurements taken for the closest palmar and dorsal 
branches of the superficial branch of the radial nerve (SBRN). (Dp) 
The closest palmar branch to the radial styloid process (RSP); (Dd) 
The closest dorsal branch to the RSP; (E) A point 25 mm from the 
RSP; (Ep) The closest palmar branch to a point 25 mm to the RSP; 
(Ed) The closest dorsal branch to a point 25 mm to the RSP.  
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Figure 2.18: Anatomic measurements taken for the dorsal branch of the ulnar nerve. 
(1) Ulnar styloid process (USP); (2) First major branching point; (3) 
second major branching point; A, the distance between the second 
major branching point and the USP; B, the distance between the first 
major branching point and the USP. 
was measured. The distance between the USP and the distal end of the fourth 
webspace between the medial side of the ring finger and the lateral side of the little 
finger was identified by a straight line and measured; the DBUN crosses this line in 
every hand. The distance between the USP and the point where the DBUN crossed the 
line was measured and expressed as a relative value of the distance between the USP 
and the distal end of the 4th webspace (Figure 2.19). The closest passing branch to the 
USP was identified and the horizontal distance measured (Figure 2.20).  
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Figure 2.19: Anatomic measurements taken for the dorsal branch of the ulnar nerve 
(DBUN). (A) The distance between the ulnar styloid process (USP) 
and the fourth webspace; (B) The distance between the USP and the 
point where the DBUN crosses line A.  
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Several measurements were taken to the SBRN and the DBUN communicating branch 
if present. The proximal and distal attachment points were marked and distances to the 
middle of the BSL measured. The angle of origin and the length of the communicating 
branch were recorded (Figure 2.21). The distance between the third MCP joint and the 
middle of the BSL was taken. The communicating branches was determined as relative 
values with reference to the BSL corresponding to the origin and insertion points and 
plotted to produce a risk area where the communicating branch is most likely to be 
encountered.   
 
Figure 2.20: Anatomic measurements taken for the dorsal branch of the ulnar nerve 
(DBUN). (A) The horizontal distance between the ulnar styloid 
process (USP) and the closest branch of the DBUN.  
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Figure 2.21:  Distances measured of the dorsal communicating branch (CB) with 
reference to the bistyloid line (BSL). (1) Distal attachment point of the 
dorsal CB; (2) Proximal attachment point of the dorsal CB; (4) The 
BSL; (X) shows the location of the third metacarpophalangeal (MCP) 
joint. A, the distance between the third MCP joint and the BSL; B, 
distance between the distal attachment point and the BSL; C, distance 
between the proximal attachment point of the dorsal CB and the BSL. 
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Table 2.3 lists all the anatomic characteristics and measurements taken for the nerves of 
interest in this study. 
Table 2.3:  List of the anatomical measurements for each of the nerves investigated 
in the study 
NO. Anatomical characteristics and measurements 
Palmar cutaneous branch of the median nerve (PCBMN) 
1.  Origin direction from the main trunk of the median nerve (MN) 
2.  Distance from the point of origin to the wrist crease (WC) 
3.  Distance from the point of detaching from the main trunk to the distal WC 
4.  Anatomical relationship to palmaris longus 
5.  Anatomical relationship to flexor carpi radialis 
6.  Anatomical relationship to palmar carpal ligament  
7.  Length of the PCBMN tunnel 
8.  Branching pattern in the palm 
9.  Angle between the lateral and medial branches in the palm 
10.  Distance between the first branch coming off the PCBMN to the distal WC 
Common digital nerves (CDN) -Median nerve (MN) 
11.  First CDN division point to the middle of the bistyloid line (BSL) 
12.  First CDN division point to the scaphoid tubercle 
13.  Second CDN division point to the middle of the BSL 
14.  Second CDN division point to the scaphoid tubercle 
15.  Third CDN division point to the middle of the BSL 
16.  Third CDN division point to the scaphoid tubercle 
17.  Third Metacarpophalangeal (MCP) joint to middle of the BSL 
18.  Third MCP joint to scaphoid 
19.  Third MCP joint to the middle of the BSL 
Ulnar nerve (UN) 
20.  The point of division of the UN into superficial and deep branches to the 
proximal edge of the pisiform 
21.  Fourth CDN division point to the middle of the BSL 
22.  Fourth CDN division point to the proximal edge of the pisiform 
The palmar communicating branch (CB) between the UN and MN  
23.  Distance between the proximal insertion point to the distal WC 
24.  Distance between the proximal insertion point to distal edge of TCL 
25.  Distance between the proximal insertion point to middle of the BSL 
26.  Distance between the distal insertion point to distal WC 
27.  Distance between the distal insertion point to distal edge of the TCL 
28.  Distance between the distal insertion point to middle of the BSL 
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NO. Anatomical characteristics and measurements 
29.  The length of the communicating branch 
30.  The angle at which the proximal attachment leaves the CDN 
31.  The distance between the third MCP joint to the distal WC 
32.  The distance between the third MCP joint to the middle of the BSL 
Superficial branch of the radial nerve (SBRN) 
33.  Point of piercing the antebrachial fascia to the radial styloid process (RSP) 
34.  The first major branching point to the RSP  
35.  The second major branching point to the RSP  
36.  The third major branching point to the RSP  
37.  The closest branch to Lister’s tubercle  
38.  The distances to the closest palmar and dorsal branches to a point 25 mm 
distal to the RSP 
39.  The distances to the closest palmar and dorsal branches to the RSP 
40.  The first crossing point with the cephalic vein after the SBRN became 
subcutaneous 
41.  The diameter of the nerve prior to its first major branching point 
Dorsal branch of the ulnar nerve (DBUN) 
42.  The point of origin to the ulnar styloid process (USP) 
43.  The point of origin to the proximal edge of the pisiform 
44.  The first major branching point to the USP  
45.  The second major branching point to the USP  
46.  The diameter of the nerve prior to its first major branching point 
47.  The distance between the USP and the fourth webspace 
48.  The distance between the USP and the point where the DBUN crosses a line 
between the USP and the fourth webspace  
The dorsal communicating branch between the DBUN and SBRN 
49.  The proximal attachment point to the middle of the BSL 
50.  The distal attachment point to the middle of the BSL 
51.  The length of the communicating branch 
52.  The angle at which the proximal attachment leaves DBUN/SBRN 
53.  The distances from the third MCP joint to the middle of the BSL 
 
2.5. Photographs and visual illustrations  
Photographs were taken for all samples by digital cameras (Pentex Optio WG-1 GPS 
and Nikon D40 with Macro sigma lens). Pictures were edited in Adobe Photoshop 
CS5.1 image manipulation software. Editing of pictures only included changes in 
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contrast, brightness, highlights and shadow intensity to better visualize the nerves and 
other structures. No alteration of the content of each image was performed including 
addition, deletion, or substitution that would change the shape or location of the 
structures. Some visual illustrations were created to support this document by Ms. 
Victoria McCulloch, medical artist, University of Dundee and some were produced by 
the author. 
2.6. Statistics 
Data has been manipulated and summarized by: descriptive statistics and univariant 
analysis. Means, standard deviations, maximum and minimum values were calculated. 
Patterns were described in terms of frequencies and percentages. Pearson’s chi-square 
test was used to investigate the relationships between categorical dependent variables. 
All statistical calculations were conducted using IBM Statistical Program for Social 
Sciences (SPSS) version 21. A result is considered statistically significant when P0.05.  
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3. Results 
A total of 160 cadaveric hands from 81 adult cadavers were investigated in this study.  
However, the number of samples investigated differs for each nerve. The maximum 
number of samples studied for any nerve was 155. Some samples were excluded because 
the nerve under investigation was destroyed or/and its branching point was 
manipulated during previous dissection making it difficult to produce accurate 
measurements. Table 3.1 shows the number of samples investigated for each nerve.  
Table 3.1: Number of samples investigated for each nerve  
No. Nerve under investigation 
No. of 
samples 
1. Palmar cutaneous branch of the median nerve (PCBMN) 123 
2. Common digital nerves (CDNs)-Median nerve (MN) 155 
3. Ulnar nerve (UN) 144 
4. Communicating branch between median nerve & ulnar nerve 98 
5. Superficial branch of the radial nerve (SBRN) 150 
6. Dorsal branch of the ulnar nerve (DBUN) 139 
7. 
Communicating branch between the superficial branch of the 
radial nerve and the dorsal branch of the ulnar nerve  
37 
 
3.1. Intra-observer results 
Repeated measures of 16 random cases (10% of the total samples) were collected to test 
the intra-observer error. The Kruskal-Wallis gave a high P-values ( 0.05) for all the 
variables tested. Therefore, the null hypothesis stating that there are no statistical 
difference between the two measurements is retained (Table 3.2). The intra-observer 
error is within the acceptable range (5%) indicating that the measurements and 
statistical comparisons are reliable and precise.  
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Table 3.2: Chi-Square results for repeated measures 
Variable measured  
Chi-
Square 
df Sig. 
Retain the 
null 
Hypothesis 
Palmar Communicating branch between the median and the ulnar nerves 
Proximal attachment to TCL .240 1 .624 Yes 
Distal attachment to TCL .364 1 .546 Yes 
Angle of origin  .353 1 .553 Yes 
MCPJ to WC 1.740 1 .187 Yes 
Proximal to WC 3.273 1 .070 Yes 
Distal to WC 1.322 1 .250 Yes 
Length .205 1 .651 Yes 
BSL .023 1 .880 Yes 
Common digital nerves (CDN) 
First CDN first branching point to the BSL .051 1 .821 Yes 
First CDN second branching point to the BSL 1.534 1 .215 Yes 
First CDN first branching point to scaphoid .009 1 .925 Yes 
First CDN second branching point to 
scaphoid 
.658 1 .417 
Yes 
Second CDN division into PDN to the BSL 1.890 1 .169 Yes 
Second CDN division into PDN to scaphoid 1.144 1 .285 Yes 
Third CDN division into PDN to the BSL .003 1 .955 Yes 
Third CDN division into PDN to scaphoid 1.069 1 .301 Yes 
Ulnar nerve (UN) 
Branching point of the Deep branch of the UN 
to the pisiform 
.005 1 .945 
Yes 
Branching point of the superficial branch of 
the UN to the pisiform 
.000 1 1.000 
Yes 
 
3.2. Palmar cutaneous branch of the median nerve 
The PCBMN was investigated in 123 cadaveric hands: 50 (40.7%) were male and 73 
(59.3%) female. Mean age was 82.6 ±9.8 years (range: 53-98). The PCBMN was found in 
all hands studied; however, two PCBMNs were identified in 11 cases (8.9%) originating 
at the same or different levels from the main trunk of the median nerve.  
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The PCBMN originated from the lateral side of the main trunk in the majority of cases 
(115/123, 93.5%). However, it was also found to originate from the posterolateral, medial 
and anterior side of the main trunk of the median nerve in 1.6% (2/123), 1.6% (2/123) 
and 3.3% (4/123) of hands respectively (Figure 3.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A 
B 
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Figure 3.1:  Different origin direction of the palmar cutaneous branch of the 
median nerve (PCBMN) from the main trunk of the median nerve 
(MN). (A) Lateral origin, (B) Posterolateral origin, (C) Medial 
origin, (D) Anterior origin. FCR, flexor carpi radialis; PL, palmaris 
longus; SBRN, superficial branch of the radial nerve; Lat, lateral; 
Med, medial; Prox, proximal; Dist, distal. 
 
C 
D 
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The PCBMN originated at a mean distance of 54.1±15.7 mm proximal to the WC, 
continued within the epineurium of the main trunk of the MN for a short distance and 
separated at a mean distance of 41.2±14.0 mm proximal to the WC (Table 3.3). The 
nerve then coursed distally medial to flexor carpi radialis and lateral to the palmaris 
longus tendon (if present). The nerve was noted to pass through the fascia of flexor 
carpi radialis tendon in 10 cases (8.3%) and posterior to the tendon in 5 cases (4.2%). 
At the distal forearm, the nerve penetrated the PCL creating a tunnel between the deep 
and superficial fibres and continued distally through the fibres of the TCL. The 
PCBMN tunnel was found to be 11.3±3.4 mm long (Figure 3.2, Table 3.3). It was also 
noted that the nerve passed superficial to the PCL in 18 cases (16.1%) while it passed 
deep to it in 14 cases (12.5%). Interestingly, the PCBMN was found to course deep to 
the TCL and pierced the ligament and palmar aponeurosis at several locations to supply 
the skin of the palm in one hand. The nerve entered the palm often penetrating the 
distal fibres of palmaris longus where it divided to supply the proximal two fifths of the 
palm.  
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Figure 3.2:  Palmar cutaneous branch of the median nerve (PCBMN) crossing 
between the superficial and deep fibres of the palmar carpal ligament 
to create a tunnel before entering the palm. Lat, lateral; Med, medial; 
Dist, distal; Prox, proximal. 
 
Based on the division pattern of the nerve in the palm distal to the WC observed in 110 
samples three patterns of division were identified: 
Type I:  The main trunk divides into Y-shaped ulnar and radial branches that 
continued to give tertiary branches as they course distally in the palm.  
 Variations to Type I: The main trunk gives several smaller branches 
before it divides into Y- shaped ulnar and radial major branches. 
Type II: The PCBMN continues as one major branch that gives several minor 
branches as it courses distally in the palm.  
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Type III: The main trunk divides into three branches (radial, ulnar and middle) 
that all continue to give tertiary branches as they course distally in the 
palm.   
Types I, II, and III were found in 40.0% (44/110), 36.4% (40/110), 14.5% (16/110) of the 
hands respectively. Furthermore, variations to Type I were found in 9.1% (10/110) of the 
hands investigated (Figure 3.3).  
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Figure 3.3: Branching patterns of the palmar cutaneous branch of the median nerve 
(PCBMN). (A) Type I, (B) Variation to Type I, (C) Type II and (D) 
Type III. PL, palmaris longus; FCR, flexor carpi radialis; bold arrow 
indicates the PCBMN; MN, median nerve, Med, medial; Lat, lateral; 
Dist, distal; Prox, proximal. 
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The angle between the major radial and ulnar branches in Type I was found to be 
43.9±14.7. PCBMN gave its first branch 1.2±8.1 mm distal to the WC. In 33 cases, the 
first branch of PCBMN originated proximal to the WC. Table 3.3 shows the major 
anatomical measurements recorded for the PCBMN.  
Table 3.3: Anatomical measurements recorded for the palmar cutaneous branch of 
the median nerve (PCBMN) (mm) 
 Mean SD Max Min 
Origin from main trunk 54.1 15.7 138.4 22.1 
Detaches from main trunk 41.2 14.0 114.9 16.2 
Length of PCBMN tunnel 11.3 3.4 24.5 5.7 
Angle (degrees) 43.9 14.7 85.0 15.0 
Distance of 1st branch to wrist crease 1.2 8.1 21.5 -18.21 
                                                          
1
 Minus signs indicate that the point were located proximal to the level of the respective landmark 
 
Two PCBMNs were noted in 11 cases (8.9%), 3 of which had different origin and 
detachment points. The proximal nerve originated at a mean distance of 70.9±20.6 mm 
(range: 100-42.1) and detached from the main trunk at a mean distance of 55.9±18.9 mm 
(range: 85.7-29.9) proximal to the WC. The distal nerve originated at a mean distance 
64.8±17.8 mm (range: 92.3-42.1) and detached from the main trunk at a mean distance 
46.5±16.7 mm (range: 77.0-27.9) proximal to the wrist crease (Table 3.4). In most cases, 
the two nerves joined proximal to, or at the level of, the WC forming a single nerve 
trunk before then dividing to innervate the palm. In most cases with two PCBMNs, the 
two branches took different courses, one medial to the FCR and the other within the 
tendon fascia. In relation to the PCL, one branch was found to course either 
superficially or through it, while the other was deep to the PCL fibres (Figure 3.4).  
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Table 3.4: Anatomical measurements recorded in cases where two palmar 
cutaneous branches of the median nerve were found (mm) 
 Mean SD Max Min 
Origin  of the proximal branch from main 
trunk of the median nerve 
70.9 20.6 100 42.1 
Detachment of the proximal branch from 
main trunk of the median nerve 
55.9 18.9 85.7 29.9 
Origin  of the distal branch from main 
trunk of the median nerve 
64.8 17.8 92.3 42.1 
Detachment of the distal branch from 
main trunk of the median nerve 
46.5 16.7 77.0 27.9 
 
The PCBMN also communicated with other nerves supplying the region. It was found 
to communicate with the LABCN in 5 cases. The LABCN gives a branch to 
communicate with the PCBMN and therefore contributes to the innervation of the 
palm and the thenar eminence. In two of these cases the LABCN communicated with 
the SBRN earlier to its communication with the PCBMN (Figure 3.5). The nerve was 
also found to communicate solely with the SBRN (one case), with the recurrent motor 
branch of the median nerve (two cases) (Figure 3.6), with the palmar cutaneous branch 
of the ulnar nerve (one case) (Figure 3.7), and with the first CDN supplying the thumb 
(one case) (Figure 3.8).  
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Figure 3.4:  Two palmar cutaneous branches of the median nerve (PCBMN). (A) 
Shows the different course that each branch takes. (B) After full 
dissection of the palmar carpal ligament (PCL) to view the deeper 
branch, the rectangular area outlined is enlarged in (C). PL, palmaris 
longus; FCR, flexor carpi radialis; bold arrows indicate the PCBMN 
branches; Lat, lateral; Med, medial; Prox, proximal; Dist, distal.  
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Figure 3.5: The palmar cutaneous branch of the median nerve (PCBMN) 
communicating with the lateral antebrachial cutaneous nerve (LABCN). 
(A) Full hand view showing the location of the two nerves, rectangular 
area outlined is enlarged in (B). (C) Shows the superficial branch of the 
radial nerve communicating with the LABCN prior to its 
communication with the PCBMN. PL, palmaris longus; FCR, flexor 
carpi radialis; Lat, lateral; Med, medial; Prox, proximal; Dist, distal; 
Palmar, palmar surface; Dorsal, dorsal surface. 
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Figure 3.6:  The palmar cutaneous branch of the median nerve (PCBMN) 
communicating with the recurrent motor branch of the median nerve 
(RMBMN). The rectangular area outlined is magnified at the corner. 
Lat, lateral; Med, medial; Prox, proximal; Dist, distal. 
Figure 3.7: Palmar cutaneous branch of the median nerve (PCBMN) 
communicating with the palmar cutaneous branch of the ulnar nerve 
(PCBUN) at the rectangular area outlined. PL, palmaris longus; Lat, 
lateral; Med, medial; Prox, proximal; Dist, distal. 
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Figure 3.8:  The palmar cutaneous branch of the median nerve (PCBMN) 
communicating with the first common digital nerve to the medial side 
of the thumb. (A) A full hand view. (B) Enlarged image of the 
communicating branch. Lat, lateral; Med, medial; Prox, proximal; 
Dist, distal. 
B 
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An artery was observed to course along the lateral side of the main trunk of the MN in 
the distal forearm in one case. Distal to the detachment of the PCBMN, the artery 
coursed on top of the nerve separating the PCBMN from the MN, continuing on the 
medial side of the MN to enter the carpal tunnel along with the MN (Figure 3.9).   
 
 
 
 
 
 
 
 
 
 
 
 
The effect of sex and body side on the branching pattern was investigated. The 
branching pattern of the PCBMN was not influenced by sex (P value=0.506) or body 
side (P value =0.240). Appendix 1 shows the chi-square test results for both the effect of 
sex and body side.  
  
Figure 3.9:  An artery crossing the median nerve (MN) and separating the two 
branches of the palmar cutaneous branch of the median nerve 
(PCBMN) from the MN trunk. PL, palmaris longus; FCR, flexor carpi 
radialis; Lat, lateral; Med, medial; Prox, proximal; Dist, distal.    
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3.3. Common digital nerves  
The CDNs were investigated in 155 cadaveric palms from 80 cadavers: 68 (43.9%) 
hands were male and 87 (56.1%) female. Mean age was 82.4±9.6 (range: 101-53) years. 
The median nerve was found to pass through the carpal tunnel and divide into the first, 
second and third CDN within the tunnel or at the distal margin of the TCL in all cases. 
The fourth CDN and the PDN to the medial side of the little finger originated from the 
superficial division of the UN after it passed through Guyon’s canal on the medial side 
of the palm.  
The CDNs passed deep to the superficial palmar arch and divided into PDNs at various 
levels to supply the lateral and medial sides of the digits (Figure 3.10 A). In one case, the 
third CDN gave a branch that crossed superficial to the superficial palmar arch creating 
a neural loop around the arch: the branch then joined the third CDN again distally 
(Figure 3.10 B). Table 3.5 illustrates the branching points of the CDNs into PDNs with 
respect to different anatomic landmarks.   
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Figure 3.10:  Common digital nerves (CDNs) and the superficial palmar arch. (A) 
Full hand view. (B) A neural loop is created by a branch from the 3rd 
CDN passing superficially to the superficial palmar arch. Arrow head 
indicates the superficial palmar arch; black arrows indicate the 
CDNs; Lat, lateral; Med, medial; Prox, proximal; Dist, distal.  
B 
A 
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Table 3.5: Absolute measurements for the branching points of the common digital 
nerves (CDNs) into proper digital nerves in the palm (mm)  
  Mean SD Max Min 
First common digital nerve 
(CDN) first division  
ST1 29.9 5.4 54.3 16.7 
BSL2 45.3 6.1 63.5 32.4 
First CDN second division  
ST 35.5 7.1 63.3 16.9 
BSL 51.7 7.4 71.9 35.4 
Second CDN division 
ST 59.8 7.9 81.1 42.9 
BSL 74.1 9.1 94.7 42.3 
Third CDN division  
ST 66.1 7.38 86.2 49.1 
BSL 78.9 7.7 99.5 60.1 
Fourth CDN division  
Pisiform 65.2 7.4 83.9 49.3 
BSL 72.6 7.7 92.2 55.0 
                                                          
1 Scaphoid tubercle 
2Bistyloid line 
 
The second CDN was found to divide at a point located distal to the 70% of the 
distance between the third MCP joint and the BSL in 94.3% of cases. The third and 
fourth CDNs were found to divide distal to the 70% of the same distance mentioned 
earlier in 99.2% and 73.6% of the cases respectively. Relative measurements of the 
division points of the CDNs into the PDNs to the distance between the third MCP joint 
and the BSL are presented in Table 3.6. Values less that 100% indicate that the CDN 
divided proximal to the level of the third MCP joint whereas measurement values more 
than 100% indicate that the CDN divided distal to the level of the third MCP joint. The 
division points of the first and fourth CDNs were always proximal to the third MCP 
joint. However, the second CDN divided distal to the third MCP joint in 3 cases and the 
third CDN divided distal to the third MCP joint in 6 cases. Moreover, the third CDN 
branching point was at 86.5±8.3% (range: 107.1-51.3%) of the distance of the third MCP 
joint to the WC (Appendix II).   
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Table 3.6: Branching points of the common digital nerves (CDNs) into the proper 
digital nerves to the distance between the third metacarpophalangeal 
joint and the bistyloid line (%) 
 Mean SD Max Min 
First common digital nerve (CDN) 
first division 
51.2 5.3 63.3 40.2 
First CDN second division 58.7 7.2 76.9 41.6 
Second CDN division 83.8 8.6 101.5 39.4 
Third CDN division 89.3 6.3 108.1 65.3 
Fourth CDN division  74.2 7.6 93.7 55.4 
 
Based on observations from 142 cadavers, the pattern of division of the first CDN 
supplying the thumb and the lateral side of the index finger was categorized into three 
types as suggested by Jolley et al. (1997): 
Type I: A PDN to the lateral side of the thumb and a CDN further dividing 
distally to supply the medial side of the thumb and the lateral side of the 
index finger.  
Type II: Trifurcation of PDNs to the thumb and the lateral side of the index 
finger. 
Type III:  A CDN further dividing to supply the lateral and medial side of the 
thumb and a PDN to the lateral side of the index finger. 
Type I was found in 70.8%, Type II in 27.1% and Type III in 2.1% of the hands 
investigated (Figure 3.11). 
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Figure 3.11:  First common digital nerve (CDN) branching pattern. (A) Type I, (B) 
Type II, (C) Type III. The bold arrow indicates the first CDN; RMBMN, 
recurrent motor branch of the median nerve; MN, median nerve; UN, 
ulnar nerve; Lat, lateral; Med, medial; Prox, proximal; Dist, distal.  
C 
B 
A 
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The effect of sex and body side on the branching pattern was investigated. The 
branching pattern of the first CDN was not influenced by sex (P value=0.186) but it was 
found to be influenced by body side (P value =0.041). Appendix 1 shows the chi-square 
test results for both the effect of sex and body side.  
3.4.Ulnar nerve 
 The UN was examined in 144 cadaveric palms from 78 cadavers: 63 (43.8%) were male 
and 81 (56.3%) female. Mean age was 82.4±9.7 (range: 101-53) years. The ulnar nerve 
passed through Guyon’s canal in all cases and divided into a deep motor branch that 
coursed deep to the hypothenar muscles and a superficial branch that supplied the little 
and medial side of the ring finger. The UN division in Guyon’s canal was classified into 
two patterns based on the number of branches at the division point as suggested by 
Bonnel and Vila (1985): 
Type I: UN bifurcates into one deep motor branch and a superficial sensory 
branch that further divides distally into a CDN supplying the fourth 
webspace and a PDN supplying the medial side of the little finger.  
Type II:      UN trifurcates into one deep motor branch, a CDN for the fourth 
webspace and a PDN supplying the medial side of the little finger.    
Type I was found in 80.4% while Type II was found in 19.6% (Figure 3.12). 
The effect of sex and body side on the branching pattern was investigated. The 
branching pattern of the UN was not influenced by sex (P value=0.258) or body side (P 
value =0.392). Appendix 1 shows the chi-square test results for both the effect of sex 
and body side.  
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Figure 3.12:  Patterns of division of the ulnar nerve (UN) in Guyon’s canal. (A) 
Type I, (B) Type II. PDN, proper digital nerve; CDN, common digital 
nerve; Lat, lateral; Med, medial; Prox, proximal; Dist, distal.  
B 
A 
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In one case, the UN divided into 4 branches in Guyon’s canal: one deep motor and three 
superficial sensory branches. The superficial branches were a PDN to the medial side of 
the little finger, a CDN to the fourth webspace and a CB communicating to the third 
CDN of the median nerve. The CB also communicated with the fourth CDN (Figure 
3.13).  
 
 
 
 
 
 
 
 
 
 
 
The first and second branching points of Type I were measured to the proximal edge of 
the pisiform. Type II was found to divide 14.9±4.1 mm (range: 22.42-7.7) from its edge 
(Table 3.7). 
 
 
Figure 3.13:   A special case where the ulnar nerve (UN) divided into four branches 
in Guyon’s canal. PDN, proper digital nerve; CDN, common digital 
nerve; CB, communicating branch; Lat, lateral; Med, medial; Prox, 
proximal; Dist, distal. 
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Table 3.7:  The first and second division points of Type I and the point of 
trifurcation of Type II to the proximal edge of the pisiform (mm) 
 Mean SD Max Min 
Ulnar nerve  division into deep & superficial 
(Type I first division point) 
13.6 4.0 22.1 1.8 
Superficial branch division into the 4th CDN1 & 
PDN2  (Type I second division point) 
25.2 4.6 37.2 13.1 
Ulnar nerve trifurcation into deep, 4th CDN & 
PDN (Type II trifurcation point) 
14.9 4.1 22.42 7.7 
                                                          
1 Common digital nerve 
2 Proper digital nerve to the medial side of the little finger 
 
 
The sensory innervation of the little finger and medial side of the ring finger was 
supplied by the superficial division of the ulnar nerve in all except 6 cases where the 
ulnar nerve communicated with the DBUN (Kaplan anastomosis) and in another 4 
cases where it received contributions from the median nerve. 
The sensory distribution of the ulnar nerve in the palm was classified into two types 
based on the branches contributing to the innervation of the little and the medial side 
of the ring finger:  
Type I: The little finger and the medial side of the ring finger were innervated by 
the superficial branch of the UN which could be: 
A. Originating as a common trunk that divides distally to a PDN to the 
medial side of the little finger and a CDN to the fourth webspace. 
(Figure 3.12 A) 
B. Originating as a PDN to the medial side of the little finger and a CDN 
to the fourth webspace. (Figure 3.12 B) 
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Type II: The little finger and the medial side of the ring finger were innervated by 
the superficial branch of the UN after it received a contribution from: 
A. DBUN 
i. The DBUN communicates with the superficial division of the 
UN before its division into CDN and PDN (Figure 3.14A). 
ii. The DBUN communicates with the PDN to the little finger 
(Figure 3.14B). 
B. Median nerve (Figure 3.15)  
Type I A, I B, II A, and II B were found in 75.5%, 18.2%, 3.5% and 2.1% respectively. 
Contributions from both the median nerve and the DBUN were found in one case.  
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Figure 3.14:  Kaplan anastomosis. (A) Dorsal branch of the ulnar nerve (DBUN) 
communicates with the superficial branch of the ulnar nerve. (B) 
DBUN communicates with the proper digital nerve to the little finger 
(PDN). CDN, common digital nerve; Lat, lateral; Med, medial; Prox, 
proximal; Dist, distal. 
B 
A 
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The fourth CDN can communicate with the PDN crossing the hypothenar eminence. 
This communication was found in 11 cases (7.7%) (Figure 3.16). Moreover, the deep 
motor branch sent a communicating branch through the hypothenar muscles to 
connect with the PDN to the medial side of the little finger in 7 cases (4.9%) (Figure 
3.17).    
Figure 3.15: Fourth common digital nerve (CDN) receiving a branch from the third 
CDN which originate from the median nerve (MN). Bold arrow 
indicates the communicating branch. Lat, lateral; Med, medial; Prox, 
proximal; Dist, distal.  
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Figure 3.16:  Fourth common digital nerve (CDN) communicating with the proper 
digital nerve (PDN) to the little finger. Bold arrow indicates the 
communicating branch. Lat, lateral; Med, medial; Prox, proximal; 
Dist, distal. 
 
Figure 3.17:  Deep motor branch of the ulnar nerve communicating with the proper 
digital nerve (PDN) to the little finger. CDN, common digital nerve; 
bold arrow indicates the communicating branch. Lat, lateral; Med, 
medial; Prox, proximal; Dist, distal. 
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In one case, the PDN to the little finger divided proximal to the fifth MCP joint and 
gave a branch to the dorsum of the hand. In another case, the UN divided high in the 
forearm. The UN divided 99.5 mm proximal to the pisiform into one superficial branch 
that passed superficial to Guyon’s canal and another deep, passing through the canal. 
The superficial branch continued as the PDN to the medial side of the little finger and 
was joined by a branch from the DBUN. The deeper branch divided in the canal into the 
CDN to the fourth webspace and the deep motor branch crossing deep through the 
hypothenar muscles.  The fourth CDN also received a contribution from the superficial 
branch. The ulnar artery did not pass through the canal; instead, it passed with the 
superficial division over the roof of the canal (Figure 3.18).  
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Figure 3.18:  A special case of the ulnar nerve (UN) in Guyon’s canal. (A) Distal 
forearm view. (B) Nerves after passing through Guyon’s canal. FCU, 
flexor carpi ulnaris; UA, ulnar artery; UNs, superficial branch of the 
ulnar nerve; DBUN, dorsal branch of the ulnar nerve; CB, palmar 
communicating branch; arrow head indicates the proper digital nerve 
to the little finger; bold arrow indicates the deep branch of the ulnar 
nerve; tortuous arrow indicates the fourth common digital branch. 
Lat, lateral; Med, medial; Prox, proximal; Dist, distal.   
B 
A 
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3.5. Palmar communicating branch between the median and ulnar nerve 
The palmar CB was investigated in 98 cadaveric palms from 62 cadavers: 45 (45.9%) 
male and 53 (54.1%) female. Mean age was 81.3±9.9 (range: 101-53) years.  
To determine the incidence of the CB, 61 cadaveric palms were investigated (40 right 
hands and 21 left hands): the CB was found in all except 8 hands (13.1%). 
Five patterns were noted according to the proximal and distal attachment of the CB: 
Type I:  The CB originated from the fourth CDN (ulnar nerve) and coursed 
distally to join the third CDN (MN) (Figure 3.19) 
A. A single distal attachment 
B. Multiple distal attachments  
Type II:  The CB originated from the third CDN (MN) and coursed distally to 
join the fourth CDN (UN) (Figure 3.20) 
A. A single distal attachment 
B. Multiple distal attachments  
Type III:  The CB coursed perpendicularly between the third and fourth CDNs 
(Figure 3.21). 
A. A single attachments on both sides 
B. Multiple attachments on one side 
Type IV: The CB had multiple attachment points to both nerves in a diffuse 
manner (Figure 3.22 A). 
Type V:  The UN and MN gave branches that merged and continued distally to 
the lateral side of the ring finger (Figure 3.22 B). 
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Figure 3.19: Branching pattern of the palmar communicating branch (CB) Type I. 
(A) Type I A, (B) Type I B. CDN, common digital nerve; MN, median 
nerve; UN, ulnar nerve, bold arrow indicates the palmar CB. Lat, 
lateral; Med, medial; Prox, proximal; Dist, distal.   
A 
B 
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Figure 3.20:  Branching pattern of the palmar communicating branch (CB) Type II. 
(A) Type II A, (B) Type II B. CDN, common digital nerve; MN, median 
nerve; UN, ulnar nerve; bold arrow indicates the palmar CB. Lat, 
lateral; Med, medial; Prox, proximal; Dist, distal.   
A 
B 
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Figure 3.21:  Branching pattern of the palmar communicating branch (CB) Type 
III. (A) Type III A, (B) Type III B. CDN, common digital nerve; MN, 
median nerve; UN, ulnar nerve; bold arrow indicates the palmar CB. 
Lat, lateral; Med, medial; Prox, proximal; Dist, distal.   
A 
B 
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Figure 3.22:  Branching pattern of the palmar communicating branch (CB) Type IV 
(A) and Type V (B). CDN, common digital nerve; MN, median nerve; 
UN, ulnar nerve; bold arrow indicates the palmar CB. Lat, lateral; 
Med, medial; Prox, proximal; Dist, distal.   
 
B 
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Type I was found in 82.7% (81/98) of cases: it was noted that the CB had one distal 
attachment (60 cases, Type I A) or multiple distal attachments (21 cases, Type I B). 
Type II was found in 5.1% (5/98) of the cases investigated: similar to Type I, the distal 
attachment can be single (4 cases, Type II A) or multiple (1 case, Type II B). Type III 
was found in 5.1% (5/98), three of the five cases had multiple attachments to the fourth 
CDN (UN) (Type III B) and two had a single attachment to the fourth CDN and the 
third CDN (Type III A). Type IV and V were found in 4.1% (4/98) and 3.1% (3/98) cases 
respectively (Figures 3.16, 3.17, 3.18, 3.19, 3.20). 
The proximal attachment of the CB was found 5.3±5.2 mm, 32.3±5.8 mm and 43.6±7.1 
mm distal to the TCL, WC and to BSL respectively. The distal attachment was found 
16.4±6.4 mm, 43.9±6.6 mm and 52.6±7.4 mm distal to the TCL, WC and BSL 
respectively. All measurements are shown in Table 3.8.  Moreover, the CB was found to 
be 15.6±4.8 mm (range: 36.95-8.32) long and the proximal attachment originated at an 
angle averaging 142.7±17.7˚ (range: 180-90˚). The angle at which the proximal 
attachment was found to branch off the UN or MN was found to be between 90-120, 
121-150 and 151-180 in 12.5%, 64.8% and 22.7% of the cases respectively.  
Moreover, the proximal attachment of the CB was found between 25.9% and 60.3% of 
the distance between the third MCP joint and the WC; between 34.5% and 60.5% of 
the distance between the third MCP joint and the BSL. The distal attachment of the CB 
was found between 36.6% and 79.3% of the distance between the third MCP joint and 
the WC; between 41.8% and 75.4% of the distance between the third MCP joint and 
the BSL. The CB originated proximal to or at the level of the TCL in 13% of cases and 
less than 4 mm distal to the TCL in 38%. 
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Table 3.8: Distances measured for the proximal and distal attachments of the 
palmar communicating branch (CB) to different anatomical landmarks 
(mm) 
Distance between: Mean SD Max Min 
Proximal attachment of CB to TCL1 5.3 5.2 19.4 -10.62 
Distal attachment of CB to TCL 16.4 6.4 39.5 1.3 
Proximal attachment of CB to WC3 32.3 5.8 46.6 20.5 
Distal attachment of CB to WC 43.9 6.6 60.6 27.8 
Proximal attachment of CB to BSL4 43.6 7.1 64.5 30.8 
Distal attachment of CB to BSL 52.6 7.4 69.2 38.1 
                                                          
1 Transverse carpal ligament  
2
 Minus signs indicate that the point were located proximal to the level of the respective landmark 
3 Wrist crease 
4 Bistyloid line 
 
The effect of sex and body side on the branching pattern was investigated. The 
branching pattern of the palmar CB was not influenced by sex (P value=0.335) or body 
side (P value =0.949). Appendix 1 shows the chi-square test results for both the effect of 
sex and body side.  
3.6. Superficial branch of the radial nerve 
The SBRN was investigated in 150 cadaveric hands from 76 cadavers: 60 (40%) male 
and 90 (60%) female. Mean age was 82.9±9.4 (range: 101-53) years.  
The SBRN originated at the level of the elbow (the radial nerve divided into a 
superficial and a deep branch). In 17 cases (17/124, 13.7%), the SBRN originated 
proximal to the lateral epicondyle. It was found to originate 231.4±19.9 mm (range: 295-
191.6) from the RSP and 13.3±13.9 (range: -35.0-57.0) mm from the lateral epicondyle. 
The SBRN coursed deep to brachioradialis and became subcutaneous 72.1±16.6 mm 
(range: 141.5-35.2) proximal to the RSP. Comparing the point where the SBRN pierces 
the antebrachial fascia to the total length of the radius, it is estimated that the SBRN 
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becomes subcutaneous in the distal 30.5±5.8% of the total length of the radius. The 
SBRN pierces the antebrachial fascia between the tendons of brachioradialis and 
extensor carpi radialis longus. In 3 cases (2%), the nerve pierced the tendon of 
brachioradialis to become subcutaneous.  
The nerve continued distally and divided into two branches, one palmar and one dorsal, 
51.4±14.9 mm proximal to the RSP. In 4 cases (2.7%), the SBRN divided into three 
branches rather than two (Figure 3.23). The nerve usually divided into its palmar and 
dorsal branches after it pierced the fascia; however, in one case the nerve divided deep 
to brachioradialis prior to becoming subcutaneous. In another case, the SBRN’s first 
division originated at the level of the elbow. The SBRN originated as two nerves from 
the radial nerve: the superficial branch pierced brachioradialis, travelled in the 
substance of the muscle and became subcutaneous 119.7 mm proximal to the RSP as the 
palmar division of the SBRN. The deeper division continued deep to brachioradialis and 
became subcutaneous 97.7 mm proximal to the RSP as the dorsal branch of the SBRN. 
The palmar division connected with both the dorsal branch and the LABCN before it 
innervated the lateral side of the thumb and the thenar eminence. The dorsal branch 
continued to innervate the dorsum of the hand (Figure 3.24A-D).  
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Figure 3.23:  First division of the superficial branch of the radial nerve (SBRN) after 
it becomes cutaneous. (A) Palmar and dorsal divisions. (B) Three 
divisions, one dorsal and two palmar (indicated by the arrow heads); 
pins indicate the location of the radial styloid process. Prox, proximal; 
Dist, distal; palmar, palmar surface; Dorsal, dorsal surface.  
A 
B 
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Figure 3.24A:  Special case of high division of the superficial branch of the radial 
nerve into palmar and dorsal divisions in the elbow region. Full hand 
view, arrow head indicates the dorsal branch; bold arrow indicates the 
palmar branch; black pin indicates the location of the radial styloid 
process. Prox, proximal; Dist, distal; Palmar, palmar surface; Dorsal, 
dorsal surface. 
Figure 3.24B:   Special case of high division of the superficial branch of the radial 
nerve into palmar and dorsal divisions in the elbow region. The palmar 
branch crossing through brachioradialis indicated by the arrow head; 
bold arrow indicates the dorsal branch coursing between 
brachioradialis and extensor carpi radialis longus (ECRL) tendons. 
Prox, proximal; Dist, distal; Palmar, palmar surface; Dorsal, dorsal 
surface. 
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Figure 3.24C:  Special case of high division of the superficial branch of the radial 
nerve into palmar and dorsal divisions in the elbow region. The two 
different points where the palmar (bold arrow) and dorsal (arrow 
head) branches pierce the antebrachial fascia. BR, brachioradialis; 
ECRL, extensor carpi radialis longus; LABCN, lateral antebrachial 
cutaneous nerve. Prox, proximal; Dist, distal; Palmar, palmar surface; 
Dorsal, dorsal surface. 
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Figure 3.24D: Special case of high division of the superficial branch of the radial 
nerve into palmar and dorsal divisions in the elbow region. The 
palmar branch indicated by the bold arrow communicates with the 
lateral antebrachial cutaneous nerve (LABCN), communication point 
indicated by the tortuous arrow. Arrow head indicates the dorsal 
branch; rectangular area shows the palmar and dorsal branch 
communicating; black pin indicates the location of the radial styloid 
process. Prox, proximal; Dist, distal; Palmar, palmar surface; Dorsal, 
dorsal surface. 
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Prior to the first division, the SBRN diameter averaged 3.2±0.8 mm. All SBRN branches 
passed radial to LT with a mean distance of 14.1±3.8 mm (Table 3.9). The SBRN 
connected with the LABCN in 46 cases (30.7%) and crossed the cephalic vein for the 
first time after it became subcutaneous 47.9±19.3 mm proximal to the RSP. The SBRN 
branches often passed superficial to the anatomic snuff box. At the level of the RSP, the 
closest palmar and dorsal branches of SBRN passed 8.5±4.2 mm and 4.9±3.0 mm 
respectively. The closest palmar and dorsal branches to a point 25 mm proximal to the 
RSP passed 5.6±3.4 mm and 4.2±2.6 mm respectively (Table 3.9).  
Table 3.9: Measurements of the closest branches of the superficial branch of the 
radial nerve (SBRN) to various anatomical points (mm) 
 Mean SD Max Min 
Closest palmar branch at the level of the RSP1 8.5 4.1 17.8 0.7 
Closest dorsal branch at the level of the RSP 4.9 3.0 14.7 1.1 
Closest palmar branch to a point 25 mm 
proximal to the RSP 
5.6 3.4 15.1 0 
Closest dorsal branch to a point 25 mm 
proximal to the RSP 
4.1 2.6 10.9 0 
Closest branch to Lister’s tubercle 14.1 3.8 23.1 4.6 
First intersection between the SBRN and the 
cephalic vein   
47.9 19.3 93.6 6.7 
SBRN diameter prior to its first division 3.2 0.8 5.8 1.94 
                                                          
1 Radial styloid process 
 
The palmar branch of the SBRN usually supplied the thumb and the lateral side of the 
thenar eminence. The dorsal branch continued distally and divided in many 
configurations to supply the dorsum of the hand. The major division points of the 
palmar and the dorsal branches to the RSP are presented in Table 3.10.  
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Table 3.10: The major division points of the superficial branch of the radial nerve to 
the radial styloid process (mm) 
 Mean SD Max Min 
First division point into palmar and dorsal 
branches 
-51.41 14.9 -14.5 -85.0 
Palmar branch: Second major division point  -4.9 21.7 48.5  -54.0  
Dorsal branch:  Second major division point -4.6 14.4 26.8 -48.2 
Palmar branch: Third major division point 22.2 24.0 73.2 -30.7 
Dorsal branch: Third major division point 22.3 13.1 62.2 -31.62 
                                                          
1
 Minus signs indicate that the point were located proximal to the level of the respective landmark 
 
 
The pattern of distribution of the SBRN had many configurations but was classified 
into six main types according to the extent of the sensory innervation in the dorsum of 
the hand modifying the suggested system recommended by Gupta et al. (2012): 
Type I: The SBRN innervated the lateral two and half digits (Figure 3.25) 
A. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the entire thumb, whereas the common trunk further 
divided into S2 and S1 distally 
B. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into S2 and S1 distally 
C. The main trunk trifurcated into three branches with a common 
origin point. The branches innervated the lateral side of the 
thumb, the medial side of the thumb and the lateral index, the 
medial index and the lateral middle fingers.  
Type II:  SBRN innervated the lateral 3 digits. The main trunk divided into medial 
and SR3 branches. The medial branch supplied the middle and index 
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fingers and occasionally the medial side of the thumb. SR3 supplied the 
thumb (Figure 3.26). 
A. The main trunk divided into S3 and a common trunk. S3 
innervated the entire thumb. The common trunk divided into S2 
and S1 distally. 
B. The main trunk divided into S3 and a common trunk, which 
divided distally to S1 and S2. S2 innervated the medial thumb and 
S1 the index and the middle finger. 
C. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into two branches distally. The medial side 
of the thumb and the lateral side of the index fingers are 
innervated by the same branch. 
D. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into three or four branches distally. 
E. The main trunk trifurcated into three branches with a common 
origin point. The branches innervated the lateral side of the 
thumb, the medial side of the thumb, index and middle fingers. 
Type III:  SBRN innervated the lateral 3 and half digits. The main trunk divided 
into a medial and SR3 (Figure 3.27). 
A. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the entire thumb, whereas the common trunk further 
divided into S2 and S1 distally. 
B. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
174 
 
trunk further divided into S1 and S2 distally. The medial side of 
the thumb and the lateral side of the index finger are innervated 
by the same branch. 
C. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into S2 and S3 distally. S2 to the medial 
side of the thumb and S3 to the rest of the territory.  
D. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into three or four branches distally. 
Type IV:  SBRN innervated the lateral four digits (Figure 3.28). 
Type V:  SBRN innervated the lateral four and half digits (Figure 3.29). 
Type VI: SBRN innervated the full dorsum of the hand with the absence of 
the DBUN.  
A. Trifurcation of the main trunk (Figure 3.30). 
B. The main trunk bifurcated into S3 and a common trunk. S3 
supplies the lateral side of the thumb. The common trunk further 
trifurcates (Figure 3.31). 
C. The main trunk bifurcated into S3 and a common trunk. S3 
supplies the lateral side of the thumb. The common trunk divided 
into S2 and S1. S2 supplies the medial side of the thumb and the 
lateral index finger. S1 supplies the rest of the territory (Figure 
3.32).  
D. The main trunk bifurcated into S3 and a common trunk. S3 
supplies the lateral side of the thumb. The common trunk divided 
into S2 and S1. S2 supplies the medial side of the thumb index 
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and the lateral side of the middle fingers. S1 supplies the rest of 
the territory (Figure 3.33).  
The most common type was Type I found in the 37.33% of the cases. Type II, III, IV, V 
and IV were found in 23.33%, 29.33%, 1.33%, 2% and 6.67% respectively. Tables 3.11-3.14 
show the incidence rate for each type. Figures 3.25-3.33 show the different patterns of 
the SBRN. 
Table 3.11:  Incidence rate for superficial branch of the radial nerve (SBRN) Type I 
branching pattern  
Type No. % 
Type I 56 37.3 
 
1A 8 5.3 
 
1B 46 30.7 
  1C 2 1.3 
 
 
 
A 
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Figure 3.25:  Branching pattern of the superficial branch of the radial nerve (SBRN) 
Type I. (A) Type I A. (B) Type I B. (C) Type I C. Arrow head indicates 
the trifurcation of the SBRN, pins indicate the location of the radial 
styloid process. Prox, proximal; Dist, distal; Palmar, palmar surface; 
Dorsal, dorsal surface. 
B 
C 
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Table 3.12: Incidence rate for superficial branch of the radial nerve (SBRN) Type II 
branching pattern 
Type No. % 
Type II 35 23.3 
 
IIA 3 2 
 
IIB 3 2 
 
IIC 25 16.7 
 
IID 3 2 
  II E 1 0.7 
 
 
 
 
 
 
 
 
  
A 
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Figure 3.26:  Branching pattern of the superficial branch of the radial nerve (SBRN) 
Type II. (A) Type II A. (B) Type II B (C) Type II C. (D) Type II D. (E) 
Type II E. CT, common trunk; LABCN, lateral antebrachial cutaneous 
nerve; pins indicate the location of the radial styloid process. Prox, 
proximal; Dist, distal; Palmar, palmar surface; Dorsal, dorsal surface. 
E 
D 
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Table 3.13:  Incidence rate for superficial branch of the radial nerve (SBRN) Type III 
branching pattern  
Type No. % 
Type III 44 29.3 
 
IIIA 6 4 
 
IIIB 28 18.7 
 
IIIC 5 3.3 
  IIID 5 3.3 
 
 
 
 
 
 
 
 
  
A 
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B 
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182 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.14: Incidence rates for superficial branch of the radial nerve (SBRN) Type 
IV, Type V and Type VI branching patterns  
Type No. % 
Type IV 2 1.3 
Type V 3 2 
Type VI 10 6.7 
 
VIA 1 0.7 
 
VIB 2 1.3 
 
VIC 5 3.3 
  VID 2 1.3 
  
  
Figure 3.27:  Branching pattern of the superficial branch of the radial nerve (SBRN) 
Type III. (A) Type III A. (B) Type III B (C) Type III C. (D) Type III D. 
CT, common trunk; pins indicate the location of the radial styloid 
process. Prox, proximal; Dist, distal; Palmar, palmar surface; Dorsal, 
dorsal surface. 
D 
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Figure 3.28: Branching pattern of the superficial branch of the radial nerve 
(SBRN) Type IV. Prox, proximal; Dist, distal; Lat, lateral; Med, 
medial. 
Figure 3.29:  Branching pattern of the superficial branch of the radial nerve (SBRN) 
Type V. Prox, proximal; Dist, distal; Lat, lateral; Med, medial. 
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A 
B 
Figure 3.30:  Branching pattern of the superficial branch of the radial nerve (SBRN) 
Type VI A. (A) Lateral view of Type VI A. (B) Dorsal view of Type VI 
A. Prox, proximal; Dist, distal; Med, medial; Lat, lateral; Palmar, 
palmar surface; Dorsal, dorsal surface. 
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Figure 3.31: Branching pattern of the superficial branch of the radial nerve (SBRN) 
Type VIB. (A) Lateral view of Type VIB. (B) Dorsal view of type VIB. 
CT, common trunk; pins indicate the radial styloid process. Prox, 
proximal; Dist, distal; Lat, lateral; Med, medial; Palmar, palmar surface; 
Dorsal, dorsal surface. 
A 
B 
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Figure 3.32: Branching pattern of the superficial branch of the radial nerve (SBRN) 
Type VI C. (A) Lateral view of Type VI C. (B) Dorsal view of Type VI 
C. Prox, proximal; Dist, distal; Lat, lateral; Med, medial; Palmar, 
palmar surface; Dorsal, dorsal surface. 
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Figure 3.33: Branching pattern of the superficial branch of the radial nerve (SBRN) 
Type VI D. This type was found in cadaver number 896 right and left 
hands, pictures were lost and the sketch was prepared based on the 
sketches taken from the two hands where the type was found. 
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The effect of sex and body side on the branching pattern was investigated. The 
branching pattern of the SBRN was not influenced by sex (P value=0.966) or body side 
(P value =0.579). Appendix 1 shows the chi-square test results for both the effect of sex 
and body side.  
3.7. Dorsal branch of the ulnar nerve 
The DBUN was investigated in 139 cadaveric hands from 73 cadavers: 70 (50.3%) male 
and 69 (49.6%) female. Mean age was 82.6±9.5 (range: 101-53) years.  
The nerve originated from the medial side of the main trunk of the ulnar nerve in the 
distal forearm. It originated 63.3±14.8 mm (range: 110.7-26.7) and 61.3±21.0 mm (range: 
140-18.5) proximal to the proximal edge of the pisiform and proximal to the USP 
respectively. It was estimated that the nerve originated at the distal 23.6±7.7% of the 
total length of the ulna. The nerve pierced the fascia 18.1±7.1 mm (range: 33.1-1.74) 
proximal to the USP and continued to innervate the medial 1½-2½ digits in the dorsum 
of the hand. At the level of the USP, the closest branch of DBUN passed 6.8±3.1 mm 
(range: 14.0-0.4) to the USP (Table 3.15). 
Table 3.15: Anatomical measurements recorded for the dorsal branch of the ulnar 
nerve (mm)  
 Mean SD Max Min 
Origin from the ulnar nerve to the 
proximal edge of the pisiform 
63.3 14.8 110 26.7 
Origin from the ulnar nerve to the USP1 61.3 21.0 140 18.5 
Pierced the fascia  18.1 7.1 33.1 1.74 
Closest branch to USP 6.8 3.1 14.0 0.4 
                                                          
1 Ulnar styloid process 
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Table 3.16 shows the major first and second division points of the DBUN. Prior to its 
division, the DBUN diameter was 2.2±0.7 mm (range: 3.68-0.62). The nerve consistently 
crossed a line between the USP and the fourth webspace. The DBUN crossed this line 
18.1±9.1 mm (range: 40.4-3.4 mm) distal to the USP corresponding to 19.4±9.6% (range: 
45.4-3.1) of the distance between the USP and the fourth webspace.  
Table 3.16: Distances of the first and second major branching point of the dorsal 
branch of the ulnar nerve to the ulnar styloid process (mm). 
 Mean SD Max Min 
First major branching point -3.41 17.4 53.4 -38.7 
Second major branching point 39.2 13.2 73.6 -8.8 
                                                          
1 Minus signs indicate that the point were located below the level of the respective landmark 
 
3.8. Sensory distribution in the dorsum of the hand 
The dorsum of the hand was supplied by branches of the SBRN and DBUN. The 
innervation territory showed many arrangements. Investigating 150 cadaveric hands, 
the dorsum of the hand innervation was outlined (Table 3.17).   
Table 3.17: Sensory innervation in the dorsum of the hand with reference to digits 
  
SBRN2 DBUN3 UD4 
Total 
  n % n % N % 
Index lateral 150 100.0 0 0.0 0 0.0 150 
 
medial 147 98.0 0 0.0 3 2.0 150 
Middle lateral 146 97.3 0 0.0 4 2.7 150 
 
medial 57 38.0 57 38.0 36 24.0 150 
Ring lateral 28 18.7 89 59. 3 33 22.0 150 
 
medial 15 10.0 135 90.0 0 0.0 150 
Little lateral 14 9.3 136 90.7 0 0.0 150 
 
medial 10 6.7 140 93.3 0 0.0 150 
                                                          
2 Superficial branch of the radial nerve  
3 Dorsal branch of the ulnar nerve  
4 Undetermined 
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The thumb and the lateral side of the index finger were always supplied by the SBRN; 
however, the SBRN communicated with the LABCN in 45 cases (30.0%), changing the 
innervation on the lateral side of the thumb in 37/45 (82.2%) by communicating with 
the palmar branch of the SBRN; and altering the innervation of the entire territory 
innervated by the SBRN by communicating with the main SBRN trunk or the dorsal 
branch of the SBRN in 8/45 (17.8%) (Figure 3.34). In one case, the lateral side of the 
thumb was entirely supplied by the LABCN and the medial side was supplied by a 
branch of the SBRN after it communicated with the LABCN (Figure 3.35). The SBRN 
innervated the lateral side of the middle finger in all cases except 4 (2.7%) in which the 
DBUN contributed to the innervation of the same area. Moreover, the SBRN innervated 
the medial side of the middle finger and the lateral side of the ring finger in only 38% 
and 18.7% respectively. When present, the DBUN always innervated the medial side of 
the little finger, the lateral side of the little finger and the medial side of the ring finger 
in the majority of cases, and the lateral side of the ring finger in more of half of the 
hands investigated.  
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Figure 3.34:  Superficial branch of the radial nerve (SBRN) communicating with the 
lateral antebrachial cutaneous nerve (LABCN) (A). The rectangular 
area outlined in (A) is enlarged and shown in (B). Prox, proximal; Dist, 
distal; Palmar, palmar surface; Dorsal, dorsal surface. 
 
A 
B 
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A 
B 
Figure 3.35:  Lateral view of a special case of the lateral antebrachial cutaneous nerve 
(LABCN) entirely supplying the lateral side of the thumb. The medial side 
of the thumb is supplied by a branch of the superficial branch of the radial 
nerve (SBRN) after communicating with the LABCN (A). The rectangular 
area outlined in (A) is enlarged and shown in (B). Bold arrow indicates 
the communicating branch between the LABCN and the SBRN; Palmar, 
palmar surface; Dorsal, dorsal surface; Prox, proximal; Dist, distal. 
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The DBUN and the SBRN communicated in the dorsum surface of the hand in 37 cases 
(26.4%) altering the sensory innervation on the lateral side of the ring finger and medial 
side of the middle finger in 31/37 (83.8%) cases, the lateral side of the middle finger and 
medial side of the index finger in 3/37 (8.1%) cases, the medial side of the middle finger 
in 2/37 (5.4%) cases and the lateral side of the middle finger in one case. Dual 
innervation where both nerves overlap and contribute to the innervation of the same 
area with no communications were found in 4 cases. Dual innervation affected the 
medial side of the middle finger and lateral side of the ring finger in two cases, and the 
medial side of the middle finger only in a further two cases. 
Comparing the branching pattern on the dorsum of the hand in 74 cadavers, symmetry 
was only found in 43.2% (32/74). Table 3.18 shows the different types of distribution on 
each body side. The symmetry in the palmar surface of the hand was not studied as it 
has less clinical implication. 
Table 3.18: Distribution of the different branching patterns in the dorsum of the 
hand 
  
Right hand 
Total 
  
Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 
L
eft h
an
d
 
Type 1 14* 9 4 0 1 1 29 
Type 2 5 5* 5 0 0 0 15 
Type 3 4 4 12* 0 0 1 21 
Type 4 1 0 0 0* 0 1 2 
Type 5 1 0 1 0 0* 0 2 
Type 6 1 2 1 0 0 1* 5 
Total 26 20 23 0 1 4 74 
 
  
  
                                                          
*
 Showing the frequencies of symmetrical hands showing the same branching pattern in the left and right 
hand sides. 
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3.9. Dorsal communicating branch between the radial and ulnar nerve  
The dorsal CB between the SBRN and the DBUN was found in 37/140 (26.4%) 
cadaveric hands of which 17 (46.0%) were from the right side and 20 (54.0%) were 
from the left side: 13 (35.1%) male and 24 (64.9%) female. Three types were identified 
based on the proximal attachment points:  
Type I: The CB had a single attachment to the SBRN and the DBUN (Figure 
3.36). 
A. CB attached proximally to the SBRN 
B. CB attached proximally to the DBUN 
C. CB attached to the SBRN and DBUN at the same level 
Type II: The CB had multiple attachment points to both the SBRN and DBUN 
(Figure 3.37 A).   
Type III:  The DBUN and SBRN both gave a branch that merged and sent branches 
to the dorsum of the hand (Figure 3.37 B), 
Type I was found in 32.4% of the hands investigated. Moreover, subtype A, B, and C 
were noted in 4/37 (10.8%), 7/37 (18.9%) and 1/37 (2.7%) of the hands respectively. Type 
II and III were found in 10.8% (4/37) and 56.8% (21/37) of the hands respectively.   
The effect of sex and body side on the branching pattern was investigated. The 
branching pattern of the dorsal CB was not influenced by sex (P value=0.830) or body 
side (P value =0.917). Appendix 1 show the chi-square test results for both the effect of 
sex and body side.  
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The location of the CB was variable. In Type I, The proximal attachment was found 
18.5±22.0 mm to the BSL. The distal attachment was found to be 51.0±21.1 mm to the 
BSL. The CB average length was 54.6±19.5 mm and originated with a mean angle of 
139±29.3 (Table 3.18). 
The proximal attachment location measured to the BSL was located at the 25.4±30.6% 
(range: -7.6-85.6%) of the distance between the third MCP joint and the BSL. 
Moreover, the distal attachment position measured to the BSL was 65.4±24.5% (range: 
32.9-98.4%) of the distance between the third MCP joint and the BSL (Appendix II).  
In Type III, the merging of the two branches was found 71.3±9.8 mm to the BSL which is 
estimated to be located 87.0±6.9%% of the distance between the third MCP joint and 
the BSL (Table 3.19) (Appendix II).  
Table 3.19: Anatomical measurements for the dorsal communicating branch 
between the superficial branch of the radial nerve and the dorsal branch 
of the ulnar nerve (mm) 
 Mean SD Max Min 
Proximal attachment to the BSL1 in Type I 18.5 22.0 62.9 -6.22 
Distal attachment to the BSL in Type I 51.0 21.1 93.4 25.3 
Communicating branch length in Type I 54.6 19.5 86.3 30.6 
Angle of origin in Type I 139 29.3 168 60 
The merging point recorded in Type III 71.3 9.8 85.2 55.4 
                                                          
1 Bistyloid line 
2
 Minus signs indicate that the point were located proximal to the level of the respective landmark 
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 4. Discussion 
4.1. Palmar surface of the hand: 
The palmar surface of the hand is innervated by branches from two nerves: the median 
and ulnar nerves. The median nerve gives the palmar cutaneous branch of the median 
nerve (PCBMN) in the distal forearm, and the first, second and third common digital 
nerves (CDNs) after it passes through the carpal tunnel. The MN is responsible for 
innervating the skin over the lateral and middle third of the palm, and the lateral 3½ 
digits as described by most anatomical textbooks. The UN is responsible for 
innervating the skin over the medial third of the palm and the medial 1½ digits by its 
superficial branch, which is given off in Guyon’s canal. Although occasionally ignored 
by anatomical textbooks, the MN and UN can communicate across the palm deep to 
the superficial palmar arch allowing for exchange of fibres between the two nerves and 
thus changing the innervation boundary in the palm that is classically described as the 
middle of the ring finger.   
4.1.1. Palmar cutaneous nerve of the median nerve  
The PCBMN is the last nerve that arises from the median nerve in the forearm. It 
supplies the proximal middle and lateral two fifths of the palm. It was found in all 123 
cases investigated in the current study. Originating 54.1±15.7 mm proximal to the WC, 
the nerve stayed in the same epineurium as the main trunk for a few millimetres 
(12.9±1.8) and detached 41.2±14.0 mm proximal to the WC. Taleisnik (1973) was the 
first to state that the PCBMN stays bound with the main body of the MN for a distance 
of 16-25 mm after its origin. The PCBMN can be compressed before its detachment 
from the MN as seen in pseudoanterior interosseous nerve syndrome when nerve 
fascicle compress before separation. Unknown masses or tendons compressing the 
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lateral aspect of the median nerve in the distal forearm or flexor carpi radialis fascia can 
also compress the nerve (Shimizu et al., 1988; Al-Qattan, 1997). 
The origin point found in this study differed from that described in the literature. A 
higher origin point was reported by Hobbs et al. (1990) (84 mm proximal to the WC), 
Naff et al. (1993) (57 mm proximal to the RSP) and Martin et al. (1996) (59 mm 
proximal to the WC). A more distal origin point was reported by Bezerra et al. (1986) 
(45.6 mm proximal to the WC), Dowdy et al. (1994) (41 mm proximal to the WC), 
Watchmaker et al. (1996) (41 mm proximal to the WC), Matloub et al. (1998) (44 mm 
proximal to the WC), Chaynes et al. (2004) (44.3 mm proximal to the BSL), Cheung et 
al. (2004) (32 mm proximal to the WC) and Ozcanli et al. (2010) (39.2 mm proximal to 
the WC).  
Interestingly, most anatomic studies do not usually differentiate between the origin 
point and the detachment point of the PCBMN from the main trunk of the MN1. The 
two words are usually used synonymously in the literature. In their study, Hobbs et al. 
(1990) had a high origin of the PCBMN reaching as high as 215 mm proximal to the 
WC, which is greater than any other report in the literature. This could be attributed to 
their dissection method continuing into the substance of the MN which they refer to as 
the PCBMN intraneural origin. Although not as high, Al-Qattan (1997) also reported an 
intraneural origin of the PCBMN in 10 cadaveric upper extremities at 70 mm (range: 
40-150 mm) proximal to the WC. Most other studies report the origin point without 
specifying if it is the detachment, origin or intraneural origin point. However, the 
detachment point in this study is similar to the origin point reported by Ozcanli et al. 
(2010) (39.2 mm proximal to the WC), Dowdy et al. (1994) (41 mm proximal to the 
WC), Watchmaker et al. (1996) (41 mm proximal to the WC), and Matloub et al. 
                                                          
1 How the origin and detachment points of the PCBMN were determined are explained in the methods 
section 
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(1998) (44 mm proximal to the WC) suggesting that those studies may have 
considered the detachment point of the PCBMN from the MN as the point of origin.    
The PCBMN originated from the lateral side of the MN in most cases (93.5%); however, 
it also originated from the medial, posterolateral and the anterior side of the MN in 
1.6%, 1.6%, and 3.3% respectively. Most literature mentions the PCBMN as originating 
from the lateral side, yet in their study of 60 Chinese cadavers, Cheung et al, (2004) 
reported 14 cases (11.7%) where the PCBMN originated from the medial side. Such a 
high number of variations in the origin direction may be explained by racial differences. 
Although Taleisnik (1973) described the PCBMN originating from the anterolateral 
side of the MN in all 12 cases investigated. No mention has been found in the literature 
of anterior or posterolateral origin; however this could be attributed to the limited 
number of samples involved in previous studies (see Table 1.1). Although small, it is 
important for surgeons to understand that such variations can exist to avoid 
complications in procedures involving the distal forearm.  
 The PCBMN coursed distally in the forearm between flexor carpi radialis and palmaris 
longus if present. In 10 cases (8.3%), the nerve passed through the fascia of flexor carpi 
radialis rather than medial to it and in a small number of cases posterior to the tendon 
(4.2%). Furthermore, it was not uncommon for the nerve to penetrate the fibres of 
palmaris longus as it blended with the palmar aponeurosis in the palm. This study’s 
findings disagree with Matloub et al. (1998) who reported the PCBMN to pass through 
the fascia of flexor carpi radialis in the majority of cases (36/40), and was partially 
covered by palmaris longus tendon fibres at its insertion point into the palmar 
aponeurosis in a minority of cases (3/40). Such a position can put the nerve at risk of 
irritation or compression in cases of flexor carpi radialis tendinitis, trauma or 
inflammation leading to soft tissue swelling in the distal forearm, or ganglia arising 
201 
 
from the flexor carpi radialis sheath and atypical palmaris longus muscles (Al-Qattan, 
1997).  
The PCBMN has its own tunnel formed between the deep and superficial fibres of the 
TCL. Most literature describes the tunnel as starting at the level of the WC or at the 
level of the scaphoid tubercle (Matloub et al., 1998, Naff et al., 1993). In the current 
study, the tunnel started proximal to the WC between the superficial and deep fibres 
of the PCL and extended into the TCL. Al-Qattan (1997) mentioned that the PCBMN 
tunnel could be located within the antebrachial fascia, PCL, or the TCL. The average 
length of the tunnel was 11.3±3.4 mm which is longer than described by Matloub et al. 
(1998) who reported it at 8 mm long; however, it lies within the range described by 
Taleisnik (1973) (9-16 mm).  
Al-Qattan (1997) described six zones where the PCBMN could be at risk of entrapment 
leading to compression syndrome. Distinguishing between entrapment of the PCBMN 
at those six zones and median nerve entrapment at the carpal tunnel can be challenging 
as the sensory innervation of the two nerves can greatly overlap. The two entrapments 
can be independent or associated. It is important to assess the possibility of the 
PCBMN entrapment in every patient with carpal tunnel syndrome (Wada et al. 2002). 
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Figure 4.1: The six zones 
where the palmar cutaneous 
branch of the median nerve 
(PCBMN) is most likely to be 
entrapped as described by Al-
Qattan (1997). (A) The PCBMN 
is bound to the main trunk of 
the median nerve; (B) The 
PCBMN detaches from the 
median nerve; (C) medial 
sheath of the flexor carpi 
radialis (FCR); (D) within the 
PCBMN tunnel; (E) in relation 
to the distal margin of palmaris 
longus (PL); (F) the PCBMN 
subcutaneous course prior to 
innervating the skin (Al-Qattan, 
1997). 
 
In a study of 12 cadaveric hands, Taleisnik (1973) described the branching pattern of the 
PCBMN as the nerve dividing into one larger lateral branch supplying the thenar area 
and several smaller medial branches. Although significant, the branching pattern 
described was not detailed enough as it did not include an outline of different patterns, 
variations, or mention incidence rates even though variations were found. Bezerra et al. 
(1986) investigated 50 cadaveric hands and classified the branching pattern into three 
types according to the palmar area innervated and the direction of the branches. In 
their classification, the PCBMN divided into two main branches in Type I and Type III; 
however the two types were distinguished by the innervation territories of the 
branches, and into three branches in Type II. In Type I, the PCBMN divided into a 
lateral branch innervating the thenar region and an intermediate branch innervating the 
intermediate third of the palm. Type III branches innervated the intermediate third of 
the palm by an intermediate branch and the thenar region by a medial branch. The 
medial branch might loop around to reach the laterally located thenar region. In Type 
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II, the PCBMN divided into lateral, intermediate and medial branches innervating the 
thenar, intermediate and hypothenar regions of the palm respectively (Bezerra et al., 
1986). From the study by Bezarra et al. (1986), it could be concluded that the PCBMN 
divided into two or three main branches which correspond to Type I and Type III of the 
current study. Their study also reported that the medial branch was the shortest and 
present in only 42% of cases. This could be due to the medial third of the palm being 
innervated by the palmar cutaneous branch of the ulnar nerve, nerve of Henle and the 
transverse palmar nerves (Doyle and Botte, 2003; Tubbs et al., 2011).  
DaSilva et al. (1996) described another type of branching pattern of the PCBMN. In 
their study of 12 cadaveric hands, the PCBMN divided into numerous non distinct 
small branches in 41.7% (5/12) (DaSilva et al., 1996). DaSilva’s Type B described earlier 
resembles Type II of the current study which was found in 36.4% of cases (Table 4.1). 
Matloub et al. (1998) also described an additional pattern in their study after 
investigating 40 cadaveric hands. Type II, which was found in 35% (14/40) of cases, 
was described as the PCBMN giving several smaller branches before it divided into two 
main branches. However, in the current study, this type was only found in 7.21% of 
cases and is considered a variation of Type I. One reason that could explain the 
difference in incidence rates is that Matloub et al. (1998) and DaSilva et al. (1996) used 
fresh-frozen and fresh cadavers in their studies making it easier to locate and recognize 
smaller branches. Moreover, when three branches are present, the medial branch is 
described to be the smallest and shortest of the three.  
In a more recent study conducted on 35 cadaveric hands, Chaynes et al. (2004) 
described two types of branching pattern based on the number of main branches. The 
PCBMN divided into two branches (Type I) or three branches (Type II). Their results 
204 
 
are similar to those reported by Bezerra et al. (1986) if the number of branches only is 
considered as the basis of classification in the two studies (Table 4.1).  
Considering the branching patterns described in the literature, the need for a 
classification system of the branching patterns of the PCBMN in the palm becomes 
evident. Comparing different incidence rates reported in the literature is not easy as 
each study reports different patterns which are classified on a different basis. The 
present study suggests the following scheme which incorporates all patterns 
mentioned in the literature: 
Type I:  The main trunk divides into Y-shaped medial and lateral branches that 
continue to give tertiary branches as they course distally in the palm.  
Variations to Type I:  The main trunk gives several smaller branches 
before it divides into a Y-shaped medial and 
lateral major branches.  
Type II: The PCBMN continues as one major branch that gives several minor 
branches as it courses distally in the palm.  
Type III: The main trunk divides into three branches (lateral, medial and 
intermediate) that all continue to give tertiary branches as they course 
distally in the palm. 
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Table 4.1:  Incidence rates of different patterns of distributions of the palmar 
cutaneous nerve of the median nerve in the literature compared with the 
types found in the current study 
No Reference 
Type I Type 
II 
Type 
III Typical Variation 
1.  Current study 40% 9.1% 36.4% 14.5% 
2.  Bezerra et al. (1986)1 66% - - 34% 
3.  DaSilva et al. (1996) - - 41.7% 58.3% 
4.  Matloub et al. (1998)2 50% 35% -  
5.  Chaynes et al. (2004) 60% - - 40% 
                                                          
1 The study reported three types based on the region each branch innervated. Some percentages were 
combined to allow comparison with this study (Type I and Type III).  
2 The study reported a Type III (15%) where two PCBMN originate from the MN. This type was omitted 
from the table.   
 
The literature distinguishes between duplicate PCBMN and two PCBMN branches; 
however, the two words are used synonymously in most publications. Moreover, it is 
important to distinguish between two PCBMNs and a nerve with high division. In the 
current study, two PCBMN branches where noted in 11 cases (8.9%), of which 2/11 had 
different origin and detachment points, 4/11 had the same origin point but different 
detachment points, 1/11 had different origin points but the same detachment point, and 
4/11 had the same origin and detachment points. The incidence rate in the current study 
is lower than that described by Hobbs et al. (1990), DaSilva et al. (1996) and Matloub et 
al. (1998) who reported the presence of two PCBMN branches in 16%, 16.7%, and 15% 
of their cases respectively. However, it is similar to studies by Martin et al. (1996) and 
Watchmaker et al. (1996) who stated that two PCBMN were found in 8% of their 
cases. It is important to appreciate the possibility of having two PCBMN branches with 
different origin points, especially when planning local and regional anaesthesia of the 
wrist and distal forearm. The PCBMN branches can be vulnerable to injury due to 
compression, retraction or dissection during surgical procedures performed in the 
distal forearm if they are not recognized by the surgeon. 
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It is not uncommon for the PCBMN to communicate with the SBRN. However, such 
communications have been reported with different incidence rates in the literature: 
Bezerra et al. (1986) reported it in 4%, Hobbs et al. (1990) in 8%, and Chaynes et al. 
(2004) in 14.3%. Such communication was found in only one case in the current study 
(0.8%). Also, in the current study, the PCBMN was found to communicate with other 
nerves in the region. As previously described by Bezerra et al. (1986), the PCBMN was 
found to communicate with the first CDN in one case. Watchmaker et al. (1996) 
reported that the nerve overlapped with the LABCN in one case; however, in the 
current study, the nerve was found to communicate with the LABCN in 5 cases, in two 
of which the LABCN communicated with the SBRN prior to its communication with 
the PCBMN which might suggest that the PCBMN received fibres not only from the 
LABCN but also from the SBRN. The PCBMN was also found to communicate with the 
recurrent motor branch of the median nerve (two cases), which as far as can be 
ascertained, has not been reported in the literature. Such communications could 
explain sensory disturbances in the palm when injury to the SBRN or the LABCN 
occurs. It could also explain extended sensory disturbances in the palm after carpal 
tunnel release. Moreover, motor fibres can have a collateral pathway through the 
PCBMN and thus motor dysfunction of the thumb can occur if the PCBMN is injured 
or compressed. 
4.1.2. Common Digital Nerves 
The median nerve becomes superficial in the distal forearm, coursing between palmaris 
longus and flexor carpi radialis. It usually enters the carpal tunnel as one trunk, 
although high bifurcation of the MN has been reported in the literature (Berry et al., 
2003; Sundaram et al., 2008; Bagatur et al., 2013). The CDNs course deep to the 
superficial palmar arch; however in the current study, in one case the third CDN gave a 
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branch that coursed superficially to the superficial arch creating a neural loop. Presence 
of such loops in the palm has been mentioned in the literature. They could result in 
digital nerve compression and sensory disturbances in cases of palmar aneurysm 
(O'Connor, 1972).    
In the carpal tunnel or at its distal edge, the MN divides into three CDNs. Few reports 
are found in the literature that detail the location or the division point of the CDNs into 
PDNs. In their study of 12 cadaveric hands, Torrez and Olave (2008) reported that the 
first, second, third and fourth1 CDNs were found 43.5±9.1, 68.1±10.5, 72.6±8.9 and 
66.1±9.8 mm from the WC respectively. Although, the first CDN gives off three PDNs, 
two supplying the medial and lateral sides of the thumb and one supplying the lateral 
side of the index finger, they do not usually branch off at the same level, Torrez and 
Olave (2008) do not specify which division of the first CDN branching is reported. The 
BSL and the WC are closely related anatomical landmarks and are frequently used in 
anatomical studies. However, the two landmarks vary in their location to each other. 
Chaynes et al. (2004) reported that the BSL could be found as far as 11.2 mm proximal 
to the WC, and the BSL and WC were found at the same level in only 40% (14/35) of 
the hands investigated. This could explain the difference between the results reported 
by Torrez and Olave (2008) and the current study as there is a constant ~5 mm 
difference between the measurements reported for the second, third and fourth CDNs 
in Torrez and Olave (2008) and the measurements taken in this study.  
In their study of the ulnar nerve in the palm, Bonnel and Villa (1985) reported that the 
fourth CDN divided into two proper digital nerves to the medial side of the ring finger 
and the lateral side of the little finger 68 mm from the BSL. Similarly, in the current 
study, the same division occurred 72.6±7.7 mm distal to the middle of the BSL and 
65.2±7.4 mm distal to the pisiform.    
                                                          
1 Although the fourth CDN originates from the ulnar nerve, it is discussed here for comparison purposes. 
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The current study also represented the distances in relative values with respect to the 
distance between the BSL and the third MCP joint. Such representation overcomes the 
effect of different hand sizes in the sample investigated. The CDNs were found to divide 
into PDNs proximal to the third MCP joint in the majority of cases and at different 
levels (see Table 3.4). Such indices of where the CDNs divide in the palm with respect 
to different anatomical landmarks are important for clinicians to better diagnose and 
assess hand pathologies, plan and implement effective therapeutic procedures. 
The first CDN divides into three PDNs that supply the thumb and the lateral side of the 
index finger in three possible patterns first described by Jolley et al. (1997): 
Type I: A PDN supplying the lateral side of the thumb and a CDN that further 
divides to supply the medial side of the thumb and lateral side of the 
index finger. 
Type II: A trifurcation to produce three PDNs to supply the thumb and lateral 
side of the index finger. 
Type III: A CDN that further divided to supply the medial and lateral sides of the 
thumb and a PDN that continued distally to supply the index finger.  
The three types were found by Jolley et al. (1997) in 69%, 25%, and 6% of hands 
respectively. In the current study the three types were found in 70.8%, 27.1% and 2.1% 
respectively. The description of the different patterns of the first CDN is rarely 
mentioned in anatomical textbook, thus it could be overlooked by clinicians. It was 
interesting to notice that the branching pattern of the first CDN is influenced by body 
side (P-value = 0.041). This could be explained by the sample distribution being skewed 
into Type I affecting the Chi-Square results.   
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4.1.3. Ulnar nerve 
The ulnar nerve enters the palm through Guyon’s canal where it divides into a 
superficial sensory branch and a deep motor branch. Bonnel and Villa (1985) were the 
first to classify the division of the ulnar nerve in the palm into two branching patterns: 
Type I:  The ulnar nerve bifurcated into one sensory nerve and one motor nerve.  
Type II: The ulnar nerve trifurcated into two sensory nerves and one motor 
nerve.  
Type I was found in 78% (39/50) while Type II was found in 22% (11/50) (Bonnel and 
Villa, 1985). In their study of 31 cadaveric hands, Lindsey and Watumull (1996) 
reported that Type I and Type II were found in 80.6% (25/31) and 19.4% (6/31) 
respectively. The reported incidence rates agree with the findings of this current study 
where Type I and Type II were found in 80.4% and 19.6% respectively.  
Bonnel and Villa (1985) also used morphometric measurements to locate the division 
point of the UN into a PDN to the medial side of the little finger and a fourth CDN; 
however their measurements were taken to the BSL (29 mm distal to the BSL) averaged 
for both types, whereas the measurements for the same division point was taken to the 
proximal edge of the pisiform in the current study. In the current study, the division 
point where the UN divided into deep and superficial branches in Type I and the 
division point where the UN trifurcated in Type II were found to be 13.6±4.0 mm and 
14.9±4.1 mm distal to the pisiform respectively. The second division where the 
superficial branch of the ulnar nerve divides into a PDN to the medial side of the little 
finger and the fourth CDN in Type I was found 25.2±4.6 mm distal to the pisiform. The 
pisiform is located on or slightly distal to the wrist crease which in turn is located 
11.7±4.3 mm distal to the ulnar styloid process (Bugbee and Botte, 1993). In Type I, the 
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division of the superficial branch of the UN into a PDN to the medial side of the little 
finger and the fourth CDN occurs 25.2±4.6 mm distal to the pisiform corresponding to 
36.9±8.9 mm to the ulnar styloid process which is more distally than that reported by 
Bonnel and Villa (1985).  
The UN innervates the skin of the medial third of the palm and the medial one and half 
digits. However, the UN can receive fibres from the MN or the DBUN. The palmar CB 
originating proximally from the MN and inserting distally into the UN was found in 5 
cases in the current study1. With the assumption that nerve fibres always move 
proximally to distally, it is possible that the UN receives fibres from the MN in these 5 
cases. The UN can also communicate with the DBUN: this communicating branch is 
called a Kaplan anastomosis and is considered rare in the literature. Kaplan 
anastomoses were found in 4.2% (6/144 cases) in the current study. Based on cases 
reported in the literature and findings from this study, Kaplan anastomosis branching 
patterns could be classified into four types: 
Type A:  The CB connects to the UN before division into superficial and deep 
branches. 
Type B:  The CB connects to the superficial division before it branches into 
sensory digital nerves. 
Type C:  The CB connects to the deep motor division of the UN. 
Type D:  The CB connects to the PDN to the medial side of the little finger.  
Kaplan (1963) was the first to describe this communication between the superficial 
branch of the UN and the DBUN. Bonnel and Villa (1985) (1/50; 2%) and Murata et al. 
(2004) (1/35; 2.9%) reported similar cases which correspond to Type D of the 
                                                          
1 The palmar communicating branch between the median and ulnar nerves is discussed in section 4.1.4. 
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previously mentioned classification. Five cases were found in the current study that 
resembled Type D. 
Hoogbergen and Kauer (1992) reported another case of Kaplan anastomosis where the 
CB joined the deep branch of the ulnar nerve. This description corresponds to Type C 
of the previously mentioned classification and was not found in the current study. 
Furthermore, Paraskevas et al. (2008) reported a Kaplan anastomosis where the CB 
joined to the main trunk of the UN before its division into deep and superficial 
branches. This description corresponds to Type A in the previously mentioned 
classification and was not found in the current study. Type B of the classification where 
the CB joins the superficial branch of the UN was only found in one case in the current 
study. This type does not appear to have been described in the English literature.   
Although considered rare, it is important to appreciate the significance and clinical 
impact of a Kaplan anastomosis. A Kaplan anastomosis receives fibres from the DBUN, 
which do not pass through Guyon’s canal, therefore signs and symptoms of ulnar nerve 
injury or compression at the wrist area as a result of ulnar artery aneurysm, trauma, and 
flexor carpi ulnaris tendinitis might not show typical presentation. Furthermore, the 
CB is only covered by skin and fat which makes it vulnerable to compression and 
trauma. The CB could also be at risk of injury in cases such as pisiform fractures, 
Guyon’s canal exploration, or clinical procedures performed on the medial side of the 
wrist.  
Based on nerve branches innervating the little and the medial side of the ring finger, this 
study suggests the following classification: 
Type I: The little finger and the medial side of the ring finger are solely 
innervated by the superficial branch of the UN which could be: 
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A. Originating as a common trunk that divides distally into a PDN to 
the medial side of the little finger and a CDN to the fourth webspace.  
B. Originating as a PDN to the medial side of the little finger and a CDN 
to the fourth webspace. 
Type II: The little finger and the medial side of the ring finger are innervated by 
the superficial branch of the UN after it receives contribution from: 
A. DBUN 
i. The DBUN communicates with the superficial division of the 
UN before its division into CDN and PDN.  
ii. The DBUN communicates with the PDN to the little finger.  
B. Median nerve  
The fourth CDN communicated with the PDN to the medial side of the little finger in 
7.6% (11/144) cases creating a neural loop across the hypothenar area. The deep motor 
branch was also found to give a branch to the PDN of the medial side of the little finger 
in 4.9% (7/144) of cases. Both communication branches can be at risk of injury during 
surgical procedures in the medial palm if the surgeon is not aware of their presence. 
Furthermore, these CBs could also be compressed due to ganglion cyst formation, 
artery aneurysms and lipomas resulting in atypical ulnar nerve neuropathy 
presentation. 
4.1.4. Communicating branch between the median and ulnar nerves 
The palmar surface of the hand is innervated by the median and ulnar nerves with the 
middle of the ring finger being the classical boundary. The median nerve innervates the 
lateral 3½ digits whereas the ulnar nerve innervates the medial 1½ digit. Sensory 
variations to this classical description have been reported in the literature and 
213 
 
attributed to the presence of the superficial palmar communicating branch (CB) 
between the MN and UN (May Jr and Rosen, 1981; Arner et al., 1994).  
The CB between the UN and MN was first described by the famous painter Pietro 
(Berrettini) Da Cortona in the anatomical atlas (Tabulae Anatomicae) published in 
1741. However, it was not until 1991, when Meals and Calkins introduced the name 
Berrettini branch into the literature (Stančić et al., 1999). The communicating branch is 
also referred to as “ramus communicans”, the superficial palmar communication or the 
palmar communicating branch in some literature (Stančić et al., 1999; Loukas et al., 
2007; Tagil et al., 2007).   
Modern literature has investigated the palmar CB; however, different and sometimes 
contradicting reports have been made regarding its incidence, pattern and common 
location. With great variability, the incidence of the CB was reported to be 100% by 
Bonnel and Vila (1985), 96.4% by Olave et al. (2001), 95% by Ferrari and Gilbert (1991), 
85% by Loukas et al. (2007), 81% by Stančić et al. (1999), 74% by Biafora and Gonzalez 
(2007), 67% by Bas and Kleinert (1999), 29.5% by Dogan et al. (2010) and 4% by 
Hoogbergen and Kauer (1992). In the current study, with the purpose of establishing an 
incidence rate for the presence of the palmar CB, 61 cadaveric palms were dissected and 
the palmar CB was found in 53/61 (86.9%) specimens. The results obtained from this 
study, along with most reports indicate a high incidence rate of the CB, supporting the 
idea that the presence of the palmar CB is a normal anatomical finding rather than an 
anomaly or variation.    
The palmar CB is classified in the literature based on origin and termination of the CB 
and its relationship to the TCL into different morphological patterns. Many reports 
carried different descriptions of the CB; however the first classification was by Meals 
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and Shaner (1983) based on the direction of the nerve fibres into three types, of which 
Type I was further subdivided into 3 subtypes. Their classification is: 
Type I:  The CB passed from the 4th CDN (ulnar) to the 3rd CDN (median). 
  Type IA:  Fibres entered the lateral side of the ring finger. 
Type IB: Fibres entered the lateral side of the ring finger and the 
medial side of the middle finger. 
Type IC:  Final destination of the fibres could not be determined   
Type II:  The CB passed from the 3rd CDN (median) to the 4th CDN (ulnar). 
Type III:  Both the 3rd and 4th CDNs gave a branch that merged and continued in 
the midpalm. 
Other studies have modified the previous classification based on their observations and 
findings; however the basis of the classification remains the direction of the fibres. Bas 
and Kleinert (1999) were the first to incorporate diffuse interconnection patterns of the 
CB into the classification system, after it was described by Gehwolf (1921). This pattern 
corresponds to Type IV of the current study. In 2000, Don Griot et al. described a 
transverse CB that coursed perpendicular to the TCL corresponding to Type III of the 
current study. An interesting classification system suggested by Kawashima et al. 
(2004) and later modified by Dogan et al. (2010) included the absence of the CB as a 
type reflecting that the presence of the CB is common and should be considered typical 
rather than an anomaly.   
Another classification system was suggested by Ferrari and Gilbert (1991) based on the 
relationship of the CB to the transverse carpal ligament and the angle of origin. The 
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classification included Groups I, II, III and IV found in 48.9%, 24.4%, 22.2% and 4.4% 
of cases respectively and were described as: 
Group I: The CB coursed obliquely from the 4th CDN (ulnar) to 3rd CDN 
(median), the distance between the origin of the CB and the distal 
margin of the TCL was more than 4 mm and the origin angle less than 
54. 
Group II:   The CB courses from the 4th CDN (ulnar) to 3rd CDN (median) parallel 
to the distal margin of the TCL, the distance between the origin of the 
CB and the distal margin of the TCL was less than 4 mm with a right 
angle to the ulnar nerve.  
Group III:  The CB coursed obliquely from the 4th CDN (ulnar) to 3rd CDN 
(median), originated below the distal margin of the TCL, the origin angle 
is very acute.   
Group IV: The CB branched from the 3rd CDN (median) to 4th CDN (ulnar).  
This classification system is considered arbitrary and ambiguous by many authors; 
however it was used by Stančić et al. (1999) who reported the different incidence rates 
of the four types as 14.81%, 19.75% 65.43% and 0% respectively. 
In the current study, a total of 98 cadaveric palms with palmar CBs were investigated. 
Five patterns were noticed and were classified according to the proximal and distal 
attachment points into:  
Type I:  The CB originated from the fourth CDN (UN) and coursed distally to 
join the third CDN (MN)  
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A. A single distal attachment 
B. Multiple distal attachments  
Type II:  The CB originated from the third CDN (MN) coursed distally to join the 
fourth CDN (UN)  
A. A single distal attachment 
B. Multiple distal attachments  
Type III:  The CB coursed perpendicularly between third and fourth CDNs. 
A. A single attachment on both sides 
B. Multiple attachments on one side 
Type IV: The CB had multiple attachment points to both nerves in a diffuse 
manner. 
Type V:  The UN and MN gave branches that merged and continued distally to 
the lateral side of the ring finger.  
Table 4.2 shows the incidence of the different patterns as reported in the literature in 
comparison to the findings of this study. The classification system suggested in this 
study focuses on the proximal and distal attachments; it is easy to follow, clear and 
incorporates other classification systems mentioned in the literature. Different 
frequencies reported in the literature can be attributed to the sample size used in each 
study, and using different classifications that might not include all types thus affecting 
the frequency distribution across the suggested patterns. A consistent note found in all 
studies is that the most common topography of the CB corresponds to Type I in this 
study. Type II has been mentioned at various frequencies yet are lower than that 
described for Type I. Type III, IV and V have not been found in all studies. However, 
217 
 
adding the absence of the CB as a type in the classification is recommended to fully 
describe the innervation of the palmar surface of the hand. 
Table 4.2:  Different incidence rates of the palmar communicating branch patterns 
as reported in the literature in comparison to the current study findings 
No Reference Type I Type II Type III Type IV Type V 
1.  Current study 82.7% 5.1% 5.1% 4.1% 3.1% 
2.  Meals and Shaner, 1983 95% 2.5% - - 2.5% 
3.  Bonnel and Villa, 1985 92% - - - 8% 
4.  Bas and Kleinert, 1999 55% 20% - 25% - 
5.  Olave et al., 2001 83.3% 14.8% - 1.9% - 
6.  Don Griot et al., 2000 88% 4% 8% - - 
7.  Kawashima et al., 20041 72.5% 22% - 4.6% - 
8.  Biafora and Gonzalez, 
2007 
91.9% 8.1% - - - 
9.  Loukas et al., 2007 84.1% 7.1% 3.5% 5.3%  
10.  Tagil et al. , 2007 66.7% 5.5% 11.1% 16.7% - 
11.  Dogan et al. 20102 71.2% 16.9% - 5.1% 3.4% 
                                                          
1The classification describe a CB branching from the 4th CDN to the lateral side of the ring finger found in 
one case (0.92%) which could be also described as Ulnar-Median CB putting it under Type I.  
2 The classification describe a CB branching from the 4th CDN to the lateral side of the ring finger found 
in one case (3.4%) which could be also described as Ulnar-Median CB putting it under Type I. 
 
Knowledge of the morphology of the CB is important in understanding sensory 
alterations that do not conform to the typical description of the 3½-1½ median-ulnar 
innervation described in the literature. Fibres passing between the two nerves result in 
mixed sensation in the area extending from the medial side of the middle finger to the 
ring finger resulting in reduced and not total absence of sensation in the area if the CB 
was damaged. Moreover, the presence and topography of the CB can explain why 
patients with carpal tunnel syndrome could have symptoms extending to the medial 
side of the ring finger even though involvement of Guyon’s canal cannot be confirmed. 
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It can also explain why some patients will have persistent sensation in their ring and 
middle fingers with complete laceration of the MN.  
The earliest understanding of the sensory innervation of the hand comes from a study 
conducted in 1918 by Stopford on 1000 gunshot victims following World War I. In this 
study, sensory distribution in cases of UN injury extended beyond the typical medial 
1½ digits in 21% of cases. Similarly, Linell (1921) investigated 20 palms and reported 
that the UN sensory innervation extends beyond the typical arrangement in 20% of 
cases. Although significant, such studies indicate that the presence of the palmar CB, 
which explains the sensory deviations, is not a common finding. Mononeural 
innervation to the ring finger was not generally supported by electrophysiological 
studies (Laroy et al., 1999). In an electrophysiological study of the palmar surface of the 
hand, Laroy et al. (1998) stated that the ring finger received contributions from the 
ulnar and median nerves in all cases: no case was found where a mononeural 
innervation was present. In another study conducted in 1999, Laroy et al. mentioned 
that the absence of either UN or MN contribution to the ring finger was always 
accompanied with neural pathology and was not due to anatomical variation. 
Interestingly, Stappaerts et al. (1996) reported that MN stimulation resulted in 
recordings obtained from the little finger in 2/31 cases, whereas stimulation of the UN 
resulted in recordings obtained from the middle finger in 3/31 cases. Such studies clearly 
demonstrate the difference between the incidence rate of the palmar CB in dissection 
based and electrophysiological studies. Physicians should be aware of the possible 
presence of the CB in the palm even when electrophysiological results suggest 
otherwise, and not use velocity study results as an absolute reference in evaluating and 
assessing sensory innervation in patients.  
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Based on their observations, Ferrari and Gilbert (1991) described a triangular area 
where the CB is most likely to be found. The area extended from the middle half of the 
hypothenar eminence to the proximal transverse crease of the palm distally and 
bounded by the inter-thenar crease laterally. Don Griot et al. (2000) described the 
relationship of the CB to the bistyloid line and by using morphometric data outlined an 
area where the CB is most likely to be encountered. The risk zone described extends 
more distally and less bilaterally than that described by Ferrari and Gilbert (1991), 
located between 22%-81% of the distance between the third MCP joint and the BSL 
with 90% of the CB being found between 33%-67% of the same distance. In the current 
study, the palmar CB was found to be located between 34.5%-75.4% of the distance 
between the third MCP joint and the middle of the BSL. Using the middle of the CB as 
a reference point rather than the proximal and distal attachment points, Loukas et al. 
(2007) reported that the palmar CB was encountered between 12.5%-85% of the 
distance between the third MCP joint and the BSL, with 83% of the specimens located 
between 35%-62% of the same distance.   
The palmar CB has also been described with reference to its location to the WC (Olave 
et al., 2001). The proximal attachment was found to be 33.9±5.5 mm and 30.2±8.2 mm to 
the WC in male right and left sides respectively and 28.5±6.2 mm and 27.1±3.3 mm to 
the WC in female right and left sides respectively. As for the distal attachment, the 
study mentions it was found 43.6±6.9 mm and 40.2±6.2 mm to the WC in male right 
and left sides respectively and 40.7±7.8 mm and 34.4±1.6 mm to the WC in female right 
and left sides respectively. In another study of 37 palmar CBs, the UN attachment 
point, which is the proximal attachment in 34/37 specimens, was found to be 31.7±7.5 
mm distal to the WC, whereas, the MN attachment point was found 39.03±7.3 mm 
distal to the WC. The study also outlined the axis of the third webspace and the fifth 
ray as the lateral and medial boundaries of the risk area where the CB is most likely to 
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be encountered (Biafora and Gonzalez, 2007). Similarly in the current study, the 
proximal attachment of the palmar CB was found 32.3±5.8 mm and the distal 
attachment was found 43.9±6.6 mm to the WC respectively.  
The palmar CB is at high risk during carpal tunnel release due to its close proximity to 
the TCL. In the current study, 13% of the CB proximal attachment originated at or 
below the level of the TCL, and 38% had a proximal attachment originating below the 
level or 4 mm distal to the TCL. Ferrari and Gilbert (1991) reported that the CB 
originated below the level of the TCL in 22.2% of cases. Stančić et al. (1999) reported 
that 65.4% of specimens had a proximal attachment below the level or 4 mm distal to 
the TCL. This close position also puts the CB at risk during exploration of Guyon’s 
canal. Moreover, the palmar CB was reported to be 6.2±3.7 mm and 5.1±2.8 mm distal to 
the distal edge of the TCL at the level of the axis of the 4th metacarpal bone in male 
right and left sides and 5.3±3.7 mm and 4.0±1.9 mm distal to the distal edge of the TCL 
at the level of the axis of the 4th metacarpal bone in female right and left sides (Olave et 
al., 2001).    
The angle at which the CB leaves its proximal attachment is important clinically as the 
angle approaches a right angle the greater chance it may be injured during surgical 
procedures in the area. In the current study, the palmar CB detached from the proximal 
attachment point at an angle 139.9±18.3, and was found to be 15.6±4.8 mm long 
extending between the third and fourth CDN in all cases. The angle at which the 
proximal attachment branched off the UN or MN was found to be between 90-120, 
121-150 and 151-180 in 12.5%, 64.8% and 22.7% of cases respectively. Ferrari and 
Gilbert (1991) reported 24.4% (11/45) of their cases to originate at a right angle, 
whereas, Stančić et al. (1999) found it in 19.8% (16/81). 
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The palmar CB has been reported to communicate with the second CDN; the MN trunk 
prior to its division into CDNs; the PDN to the lateral side of the middle finger after it 
arises from the UN; communicate with the UN and the PDN to the medial side of the 
little finger after it arises from the MN (Ferrari and Gilbert, 1991; Loukas et al., 2007) 
but none of these patterns were found in the current study. 
The importance of appreciation of the topography and location of the palmar CB is 
clearly shown in such cases as reported by Arner et al. (1994). Investigating 53 two-
portal elective carpal tunnel release operations, the study reported 10 patients 
developing a new sensory disturbance in the ring and middle or little fingers. Six 
patients continued having symptoms 4 months postoperatively. While the patients 
described their symptoms as tingling sensation or hyperesthesia rather than numbness, 
which can mislead physicians to erroneously interpreting it as residual median nerve 
compression; compression or division injury to the palmar CB was concluded to be the 
cause of the symptoms (Arner et al., 1994). In another case reported by May Jr and 
Rosen (1981), numbness on the lateral side of the ring finger developing into a severe 
tingling sensation over three months was described by a patient following an elective 
carpal tunnel release.  After exploration a large neuroma was found on the palmar CB; 
following treatment the symptoms were relieved. In a case report, by Rollins and Meals 
(1985), of a complete laceration of the palmar CB following an accident, the palmar CB 
was almost equal in diameter to the third CDN prior to their merger indicating the 
large contribution of the CB in the formation of the PDNs. Moreover, Ferrari and 
Gilbert (1991) described the palmar CB contributing 30% of the fibres supplying the 
lateral side of the ring finger in 5 cases and 10% in two cases. Such reports emphasize 
the importance of the palmar CB in the exchange of fibres in the palm.  
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According to the morphometric data obtained in this study, a risk area can be outlined 
where the CB is most likely to be encountered. Figures 4.2 and 4.3 show the risk area 
with reference to the WC and the BSL respectively. The palmar CB is at risk of injury 
during carpal tunnel release, flexor tendon surgery of the ring finger, Dupuytren’s 
release, and mobilization of neurovascular island flaps. Palmar pain and digital sensory 
disturbances resulting from its injury can be erroneously attributed to retraction or 
scarring if clinicians fail to recognize its involvement. Having morphometric indices 
provide a precise description of the likely location of the palmar CB overcoming the 
differences in hand size between individuals and genders. It furthermore compensates 
for any changes incurred due to the fixation methods. Yet, it is important to appreciate 
that these indices should not be treated as an absolute reference and that human 
variations can still surprise. 
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Figure 4.2: Risk area of where the 
palmar communicating 
branch is most likely to be 
found with reference to 
the wrist crease. Full 
range is shown by light 
blue area, 80% of the 
samples are located in the 
area indicated by the red 
box.  
Figure 4.3: Risk area of where the 
palmar communicating 
branch is most likely to 
be found with reference 
to the bistyloid line. Full 
range is shown by light 
blue area, 80% of the 
samples are located in 
the area indicated by the 
red box.  
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4.2. Dorsal surface of the hand: 
The dorsum of the hand is supplied mainly by three nerves: the superficial branch of the 
radial nerve (SBRN), the dorsal branch of the ulnar nerve (DBUN) and occasionally by 
the lateral antebrachial cutaneous nerve (LABCN). With various configurations the 
SBRN innervates the skin covering the lateral 3½-2½ digits, whereas the DBUN 
innervates the skin covering the medial 1½-2½ digits. The LABCN can extend more 
distally and innervate the lateral side of the thumb. These nerves are variable in their 
branching pattern putting them in danger of injury during various clinical procedures 
performed in the distal forearm, wrist and dorsum of the hand. Understanding the 
course and appreciating the relationship between these nerves and other anatomical 
structures is vital to properly diagnose, plan and perform a clinical procedure 
successfully.    
4.2.1. Superficial branch of the radial nerve 
The superficial branch of the radial nerve (SBRN) innervates the dorsolateral side of the 
hand and the dorsal skin covering the lateral 3½-2½ digits up to the proximal 
interphalangeal joint. The nerve’s course and branching patterns have proven to be 
variable in the literature. Such variability puts the nerve in jeopardy of injury during 
different clinical procedures performed in the distal forearm or wrist area.  Knowledge 
of the anatomical course of the SBRN, appreciation of the anatomic relationship with 
other structures in the area, and understanding the possible anatomical variations and 
their clinical significance can ensure minimal iatrogenic injuries, better application of 
current procedures, and provide the basis for new opportunities to create novel 
applications or approaches.  
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The SBRN originates at elbow level as one of the terminal branches of the radial nerve. 
In the current study, it was found to originate proximal to the lateral epicondyle in 
13.7% of cases. Abrams et al. (1992) reported that the SBRN was found to originate at 
the level of the lateral epicondyle in 8/20 (40%) cases and within 21 mm distal to the 
epicondyle in the remaining 12/20 (60%) cases. In the current study, the nerve coursed 
deep to brachioradialis and became subcutaneous by piercing the antebrachial fascia 
72.1±16.6 mm proximal to the RSP, between the tendons of brachioradialis and extensor 
carpi radialis longus. This finding is similar to that reported in the literature where the 
SBRN was found to become subcutaneous 73±1.5 mm, 81.6 mm, 83.1±11.4 mm and 
85.4±1.32 mm by Huanmanop et al. (2007), Vialle et al. (2001), Robson et al. (2008) and 
Samarakoon et al. (2011) respectively. The distances in the current study are less than 
those reported by Abrams et al. (1992) and Ikiz and Üçerler (2004) who reported the 
SBRN to become subcutaneous at 90±14 mm and 92±14mm respectively. In the current 
study, the nerve was found to pierce the tendon of brachioradialis to become 
subcutaneous in 2% (3 cases), which is less than that reported by Abrams et al. (1992) 
(10%); yet similar to the findings of Huanmanop et al. (2007) (3.8%). Such a course can 
put the SBRN in danger of entrapment.  
In the current study, the point where the SBRN becomes subcutaneous is estimated to 
be located at the distal 30.5±5.8% of the total length of the radius. Also Robson et al. 
(2008) found the SBRN to become subcutaneous in the distal 32.8±4.1% of the total 
length of the forearm; however, the SBRN is reported to become subcutaneous, on 
average, in the distal 36% of the distance between the lateral epicondyle to the RSP 
(Abrams et al., 1992). In this region the nerve is only covered by skin and subcutaneous 
fat making it vulnerable to injury due to trauma or compression in cases of tight 
handcuffs, tight watches or bracelets. Compressive or badly made casts or fracture 
bracelets can lead to nerve irritation complicating the treatment process. Moreover, 
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clinical procedures performed in the distal third of the forearm should be conducted 
with caution.  
The SBRN divided into two branches: one palmar and one dorsal (97.3%) or three 
branches (2.7%) 51.4±14.9 mm proximal to the RSP. Although different, both Abrams et 
al. (1992) and Ikiz and Üçerler (2004) reported a higher incidence rate at 15% and 
8.33% of which the SBRN divides into three branches after it became subcutaneous. 
Moreover, this division pattern was not found by Klitscher et al. (2007) or Samarakoon 
et al. (2011). Table 4.3 shows different anatomical measurements taken for the SBRN as 
reported in the literature in comparison to the current study.  
Table 4.3  Anatomical measurements for the superficial branch of the radial nerve 
(SBRN) as reported in the literature in comparison to the current study 
(mm). 
No Reference Becoming 
subcutaneous 
to the RSP1 
1st major 
branch to the 
RSP 
2nd major 
branch to the 
RSP 
Closest 
branch to 
LT2 
1.  Current study 70.8±15.9  50.9±14.7 Palmar: 
4.3±21.7  
Dorsal: 
4.3±14.4  
14.1±3.8  
2.  Abrams et al. (1992) 90±18 51±18  16±0.5  
3.  Tellioglu et al. 
(2000)  46±5.7 
Palmar: 
4.8±2.1  
Dorsal: 16±2.3  
 
4.  Ikiz & Üçerler 
(2004) 
92±14 49±12   15.8±12  
5.  Huanmanop et al. 
(2007) 
73±1.5 46±1.5  10±3.8  
6.  Klitscher et al. 
(2007) 
 54.7±12.2  0.0±5.7  16.4±3.7  
7.  Robson et al. (2008) 83.1±11.4 49.2±14.4   14.9±5.3  
8.  Korcek & 
Wongworawat 
(2011) 
 
31.46±10.73  
to a line 
between the 
RSP & LT 
4.18±10.23  
9.  Samarakoon et al. 
(2011) 
85.4±13.2  55.7±14.3    
                                                          
1 Radial styloid process 
2Lister’s tubercle  
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Due to the variable course of the SBRN in the distal forearm and the wrist area, the 
nerve is at risk of injury during various clinical procedures including reduction and 
stabilization of distal radial fractures, wrist arthroscopy, radial artery harvest, wrist 
denervation, nerve blockade, De Quervain’s release, and bone graft harvest.   
SBRN can be injured directly as a result of distal radial fractures, or indirectly as a 
result of reduction and fixation of those fractures. Anderson et al. (2004) reported 
neuropathies related to the SBRN following the insertion of external fixator pins in 
8.3% of cases investigated. An open technique for placing the pins is advocated to 
reduce nerve irritation (Anderson et al., 2004).  
Kirschner wires (K-wires) are also used to treat and stabilize distal radial fractures. 
The RSP is commonly used as an insertion point for these wires. In the current study, 
branches of the SBRN were found to pass as close as 0.7 mm to the RSP putting the 
nerve branches at high risk of injury. Steinberg et al. (1995) reported that 20% of the 
deep structures including the SBRN were injured as a result of inserting K-wires 
through the anatomic snuffbox. The study also described a safe-zone area of 68 mm2 
where the wires can be inserted safely (Steinberg et al., 1995). However, this safe-zone 
was evaluated by Korcek and Wongworrawat (2011) who concluded that the 
variability of the SBRN in this area makes it difficult to assign any true safe zone. In 
another study, Singh et al. (2005) reported neuropathies related to the SBRN in 20% 
following the insertion of K-wires. Patients presented symptoms of sensory 
disturbances, complete sensory loss and painful neuroma formation (Singh et al., 2005). 
Hochwald et al. (1997) stated that the anatomic snuffbox contained on average 3 nerve 
branches coursing as close as 3 mm from the RSP; and recommended limited open 
technique where the SBRN branches can be identified and preserved prior to the 
insertion of the wires. Nerve irritation can also occur during the removal of the wires, 
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the reduction process or due to the continuous friction between the nerve and the 
buried part of the wire if it is placed too close to the nerve. An open technique or a 
limited-open technique allows the surgeon to place the wires at a safer distance from 
any nearby nerves (Hochwald et al. 1997; Singh et al., 2005; Sharma et al., 2006). As an 
alternative and if the case permits, LT can be used as a safe insertion point for the K-
wires. In the current study, branches of the SBRN passed 14.1±3.8 mm from the LT.  
Elastic stable intramedullary nailing is frequently used to treat paediatric open, 
unstable or irreducible fractures due to its cosmetic and functional advantages 
(Cumming et al., 2008). The nails are usually inserted dorsally between the first and 
second dorsal compartment using a 20-30 mm proximal incision starting at the level of 
the physis. Kang et al. (2011) reported sensory disturbances in two patients (2.2%) 
following treatment by elastic intramedullary nailing, whereas Cumming et al. (2008) 
found it in 1/19 (5.2%). In a larger retrospective study of 553 cases, 15 (2.7%) cases were 
reported to have developed a lesion of the SBRN as a result of the primary operation or 
nail removal (Fernandez et al., 2010). With careful dissection to identify the SBRN 
branches present in the area, complications can be reduced.    
Arthroscopy can be used as a diagnostic or therapeutic tool. It can be used in many 
cases including triangular fibrocartilaginous tears, carpal interosseous ligament 
injuries, intra-articular distal radial fractures, wrist pain and dorsal ganglia. Wrist 
arthroscopy has a complication rate of 2% (Culp, 1999); however, with the increase in 
medical procedures involving arthroscopy, the actual complication rate is thought to be 
higher. Tryfonidis et al. (2009) reported that superficial nerves pass at a mean distance 
of 1.8 mm, 4.9 mm, 2.5 mm and 6.7 mm from portals 1-2, 3-4, 6U, and MCP respectively 
putting them at high risk during the establishment of portals. Arthroscopic portals are 
designed in relation to their relationship to the extensor compartment. As the 
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procedures can be performed on the radial side of the hand depending on the portals 
established, the SBRN can be at risk of injury or irritation as it passes near to or directly 
below these portals. Understanding the course and anatomic relation of the superficial 
nerves in the area can help clinicians to better preserve and avoid iatrogenic injuries to 
those nerves. Furthermore, the SBRN can also be injured during arthroplasty, 
arthrotomy, bone graft harvest or wrist denervation procedures as the nerve branches 
course under the portals or incision lines. Bone grafts can be obtained from the distal 
radius between the first and second dorsal compartment. Arthroplasty of the distal 
scaphoid joint (triscaphe joint) is performed via a longitudinal incision between the 
tendons of the first extensor compartment with a SBRN neuropathy complication rate 
of 4.1% (Wessels, 2004). SBRN branches can course through this area in various 
configurations and be at risk if the surgeon is unaware of their presence. Wrist 
denervation is used to treat patients with chronic pain originating as a result of many 
pathological conditions of the wrist by surgically dividing articular branches from the 
median, ulnar, radial and LABCN. Good understanding of the relative anatomy of the 
nerves in the area is important to be able to conduct the procedure safely and 
successfully.   
During De Quervain’s release of the first dorsal compartment, the SBRN branches can 
be injured as they cross closely, or through the area. Abrams et al. (1992) mentioned 
that branches of the SBRN were found over the first dorsal compartment in 35% of 
cases, Ikiz and Üçerler (2004) reported it in 16.67%, while Huanmanop et al. (2007) 
found it in 38%. Depending on the severity of the condition, a surgical release of the 
first dorsal compartment may be required. Surgical release can be performed by a 
longitudinal, transverse, or a Z-incision line. Mellor and Ferris (2000) reported SBRN 
injury in 6/17 (35.3%) of cases following a longitudinal incision. At the level of the RSP, 
branches of the SBRN pass as close as 2 mm to the first dorsal compartment (Klitscher 
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et al., 2007).  Robson et al. (2008) mentioned that a transverse or a Z-incision will cross 
the SBRN branches in all cases investigated. The study suggested a 25 mm incision at 
the RSP and extending proximally which spared any SBRN branches in 68% of the 
cases investigated.  In the current study, the SBRN crossed the most proximal edge of 
the incision described by Robson et al. (2008) in 10.7% and the SBRN branches were 
found to course closer to the RSP axis in 41.7% of the cases investigated. Agreeing with 
the literature, the SBRN has a variable course, a safe incision zone cannot be identified, 
and careful dissection intra-operatively is strongly recommended to identify and 
preserve nerve branches in the area.  
As the radial artery is frequently used for obtaining samples during arterial blood gas 
testing, the SBRN can be at risk of injury due to its close proximity to the radial artery 
at the wrist. Several attempts may be required before a successful sample is obtained; 
moreover, several samples can be required to test a patient’s respiratory status in some 
conditions. Robson et al. (2008) described a close association between the SBRN 
branches and the radial artery in 48% of cases. An ulnar approach to the radial artery is 
suggested to minimize SBRN injury (Robson et al., 2008).   
Neurological complications related to the SBRN have been reported following radial 
artery harvest for coronary surgeries. In their study of 54 patients that underwent 
radial artery harvest for coronary surgery, Siminelakis et al. (2004) reported sensory 
disturbances related to the dorsum of the hand in 31.28% of cases. Neuropathies can be 
as a result of direct trauma during the harvest, compression secondary to edema, 
history of clinical conditions affecting the vasculature such as diabetes or smoking, or 
ischemia secondary to reduced blood supply when the nerves are supplied by branches 
from the radial artery (Denton et al., 2001). Galajda et al. (2002) discussed the 
importance of the harvest technique, mainly the mechanical or thermal damage that 
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occurs during the harvest as the main reason for SBRN damage. Neuropathies in the 
SBRN territory were reported as high as 16.2% when the radial artery was harvested 
using the traditional method and 2% when the radial artery was harvested by a novel 
approach they developed but have not explained in their publications (Galajda et al., 
2002).  In another study by Bleiziffer et al. (2008), an open technique for radial artery 
harvest patients reported less sensory disturbances related to SBRN (22.6%) than 
endoscopic technique for the radial harvest group (45.3%); however, the authors still 
advocate the endoscopic technique for its cosmetic advantages and lower post-
operative wound complications. 
The SBRN has a close association with the cephalic vein. Robson et al. (2008) reported 
a close association between the SBRN and the cephalic vein in 80% cases investigated. 
In the current study they both crossed for the first time after the nerve became 
subcutaneous at 47.9±19.3 mm (range: 93.6-6.7 mm) proximal to the RSP. Similarly, 
Klitscher et al. (2007) reported a mean distance between the RSP and the crossing 
point of the two structures at 54.3±7.6 mm. Gupta et al. (2012) investigating 
spontaneously aborted foetuses reported that the cephalic vein crossed the nerve twice 
in 80% of the cases studied. Cephalic vein cannulation is a common procedure that puts 
the SBRN at risk of injury if the vein wall is punctured. Sawaizumi et al. (2003) 
reported 11 cases of SBRN injury after venepuncture of the cephalic vein patients 
complained of pain, numbness and sensory disturbances in the dorsal region of the 
hand; of which 7/11 (63.6%) continued to show sensory symptoms at three month 
follow up. Vialle et al. (2001) stated that the SBRN and the cephalic vein crossing point 
ranged between 90 mm proximal to 45 mm distal to the RSP. Although the current 
study only focused on the crossing point proximal to the RSP, it is evident that the 
crossing point and the relation between the SBRN and the cephalic vein are highly 
variable and that no safe zone can be assigned. Venepuncture of the cephalic vein at the 
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wrist or the distal third of the forearm, where the SBRN becomes subcutaneous, should 
only be used when no other alternative is available. 
Radial forearm fasciocutaneous free flaps are used for reconstructive surgery. Morbidity 
at the donor site has been of concern. Richardson et al. (1997) reported sensory 
disturbances in 32% of cases following the harvest, whereas Lutz et al. (1999) reported 
it in 54%. Grinsell and Theile (2005) described different incidence rates depending on 
the draining system harvested with the flap; double the rate of sensory disturbances are 
associated with neural injury if the cephalic vein is harvested (18%) in comparison to 
harvesting the venae commitantes (9%). This finding coincides with the close 
association that the cephalic vein has with the SBRN that could put the neural 
structures in danger if the cephalic vein was raised.      
 The SBRN and LABCN can overlap. Mackinnon and Dellon (1985) reported a complete 
or a partial overlap between the two nerves in 75% of cases. Steinberg et al. (1995) 
reported that the LABCN was found to course through the anatomic snuffbox in 45% 
of the cases investigated and was in danger of injury by a K-wire in 40%. Similarly, 
Korcek and Wongworrawat (2011) described a close association between the SBRN 
and LABCN. The LABCN was found to be present over the anatomic snuff box in 52.5% 
of cases, innervating the same area of the SBRN in 10% of cases. Furthermore, the 
LABCN was found to take over the innervation of the lateral side of the thumb with the 
absence of the S3 branch from the SBRN in 5% of cases (Korcek and Wongworrawat, 
2011) and in 4.7% (Huanmanop et al., 2007). Other studies have differed in the 
communication rate between the SBRN and LABCN. It was reported to be 43% by 
Huanmanop et al. (2007), 35% by Abrams et al. (1992) and 20.8% by Ikiz and Üçerler 
(2004). In the current study, the LABCN communicated with the SBRN in 30.7% of 
cases. Due to its variability in communicating with the SBRN, extensions and 
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distribution patterns; it is difficult to assign sensory deficiencies or neuromas to one of 
the nerves and not the other. Furthermore, because of its presence over the anatomic 
snuffbox and the first dorsal compartment, it is at as much risk of injury as the SBRN 
during procedures performed in this area. This association between the two nerves 
should be considered when evaluating sensory deficiencies and planning nerve 
blockade in the wrist area.  
Injury to the SBRN can be very painful and require a long recovery time and may 
require further surgery. Patients may complain of paraesthesia or hypesthesia in 
branches of the SBRN and pain secondary to nerve lesions or neuroma formation 
affecting their daily activities leading to various forms of disability. Careful technique, 
through understanding the course and division points of the nerves in the area in 
relation to anatomical landmarks can minimize postoperative complications and help 
clinicians during the procedures mentioned above. 
The branches arising from the main trunk of the SBRN are usually labelled from medial 
to lateral as superficial radial 1 (SR1), SR2 and SR3 (Steinberg et al., 1995). The 
variability of the SBRN branching and innervation territory made it difficult to classify 
the nerve into a system. Ikiz and Üçerler (2004) classified the SBRN into three types 
based on the number of branches. Huanmanop et al. (2007) modified the system by 
adding a new type that accounts for cases where SR3 is absent and the area of 
innervation is taken over by the LABCN. Although significant, this classification 
system does not account for all the variations in the branching patterns described for 
the SBRN or for the different innervation territories encountered. Another 
classification system described by Korcek and Wongworawat (2011) is based on the 
arrangement by which SR1, SR2 and SR3 comes off the main trunk of the SBRN. Yet, 
this system does not account for all the variations for the SBRN. Gupta et al. (2012) 
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described another system based on firstly the innervation territory of the SBRN, and 
secondly by the number and arrangement of the branches coming off the main trunk of 
the SBRN. The system describes only three types, where the SBRN extends to innervate 
the lateral three and half digits. However, in the current study cases were identified 
where the SBRN innervation territory extended beyond the lateral three and half digits. 
Those cases are not accounted for in the classification suggested by Gupta et al. (2012).   
The current study proposes modifying the classification suggested by Gupta et al. 
(2012) to include different innervation territories.  
Type I: The SBRN innervated the lateral two and half digits  
A. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the entire thumb, whereas the common trunk further 
divided into S2 and S1 distally 
B. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into S2 and S1 distally 
C. The main trunk trifurcated into three branches with a common 
origin point. The branches innervated the lateral side of the 
thumb, the medial side of the thumb and the lateral index, the 
medial index and the lateral middle fingers.  
Type II:  The SBRN innervated the lateral 3 digits. The main trunk divided into 
medial and SR3 branches. The medial branch supplied the middle, index 
finger and occasionally the medial side of the thumb. SR3 supplied the 
thumb.  
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A. The main trunk divided into S3 and a common trunk. The S3 
innervates the entire thumb. The common trunk divides into S2 
and S1 distally. 
B. The main trunk divided into S3 and a common trunk, which 
divided distally to S1 and S2. S2 innervates the medial thumb and 
S1 to the index and the middle fingers. 
C. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into two branches distally. The medial side 
of the thumb and the lateral side of the index fingers are 
innervated by the same branch. 
D. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into three or four branches distally. 
E. The main trunk trifurcated into three branches with a common 
origin point. The branches innervated the lateral side of the 
thumb, the medial side of the thumb, index and middle fingers. 
Type III:  The SBRN innervated the lateral 3 and half digits. The main trunk 
divided into medial and SR3 branches.  
A. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the entire thumb, whereas the common trunk further 
divided into S2 and S1 distally. 
B. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into S1 and S2 distally. The medial side of 
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the thumb and the lateral side of the index finger are innervated 
by the same branch. 
C. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into S2 and S3 distally. S2 to medial thumb 
and S3 to the rest of the territory.  
D. The main trunk bifurcated into S3 and a common trunk. S3 
innervated the lateral side of the thumb, whereas the common 
trunk further divided into three or four branches distally. 
Type IV:  SBRN innervated the lateral four digits.  
Type V:  SBRN innervates the lateral four and half digits  
Type VI: SBRN innervates the full dorsum of the hand with the absence of the 
DBUN. 
A. Trifurcation of the main trunk. 
B. The main trunk bifurcated into S3 and a common trunk. S3 
supplies the lateral side of the thumb. The common trunk 
further trifurcates.  
C. The main trunk bifurcated into S3 and a common trunk. S3 
supplies the lateral side of the thumb. The common trunk 
divided into S2 and S1. S2 supplies the medial side of the thumb 
and the lateral index finger. S1 supplies the rest of the territory.  
D. The main trunk bifurcated into S3 and a common trunk. S3 
supplies the lateral side of the thumb. The common trunk 
divided into S2 and S1. S2 supplies the medial side of the thumb 
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index and the lateral side of the middle fingers. S1 supplies the 
rest of the territory.  
The aim of this classification is not to produce a system to be memorized, but rather to 
ease the understanding of the different branching patterns of the SBRN in the dorsum 
of the hand.  The most common type was Type I, where the SBRN extends to innervate 
the 2½ lateral digits. Table 4.4 shows the incidence rate of the 6 types found in this 
study. 
Table 4.4: Incidence rates of the branching patterns of the superficial branch of 
the radial nerve found in the current study 
Type No. % 
Type I 56 37.3 
Type II 35 23.3 
Type III 44 29.3 
Type IV 2 1.3 
Type V 3 2 
Type VI 10 6.7 
 
4.2.2. Dorsal branch of the ulnar nerve: 
The dorsal branch of the ulnar nerve (DBUN) is one of the terminal branches of the UN. 
It supplies the dorsomedial aspect of the dorsum of the hand and skin covering the 
dorsal medial 1½ digits. In the current study it was found to originate from the medial 
side of the main trunk of the UN 63.3±14.8 mm from the USP and 61.3±21.0 mm from the 
proximal edge of the pisiform. The origin point found in this study differs to those 
mentioned in the literature.  The DBUN was found to originate more proximally by 
Botte et al. (1990), Casoli et al. (2004), and Cavusoglu et al. (2011) reporting it to be 
83.±24 mm, 80 mm and 83.6±2.4 mm proximal to the pisiform respectively. It has also 
been reported to originate more distally than in the current study by Goto et al. (2010) 
238 
 
and Puna and Poon (2010) who reported the origin point to be 34±13 mm and 51±14 mm 
proximal to the USP respectively. The origin point corresponds to a point located in the 
distal 26% of the total length of the ulna (Botte et al., 1990); similarly, it was found to 
be located 23.6±7.7% of the total length of the ulna in the current study. 
In the current study, the nerve courses medially and distally deep to flexor carpi ulnaris 
before it emerges at the dorsomedial border to become subcutaneous 18.1±7.1 mm 
proximal to the USP. Botte et al. (1990) and Cavusoglu et al. (2011) reported the DBUN 
pierced the antebrachial fascia 50±18 mm and 54.7±1.5 mm proximal to the pisiform 
respectively. Although mentioned with reference to a different bony landmark (the 
pisiform), which is located 11.7±4.3 mm distal to the USP, the point where the nerve 
becomes subcutaneous is located more distally in the current study. In their study, Mok 
et al. (2006) reported the DBUN becoming subcutaneous 26±8.3 mm proximal to the 
USP. 
The DBUN innervates the medial side of the dorsal hand and the skin covering the 
medial 1½-2½ digits by dividing into two major branches. In the current study, the first 
division was found to originate anywhere between 38.7 mm proximal to the USP and 
53.4 mm distal to the USP (mean: -3.4±17.4 mm). The second division was also found to 
be variable, dividing anywhere between 8.8 mm proximal to the USP and 73.6 mm 
distal to the USP (mean 39.2±13.2 mm). Mok et al. (2006) reported different 
measurements for the location of the first and second branches of the DBUN. In their 
study, the first branch occurred 20±14.7 mm proximal the USP while the second branch 
occurred 26±11.4 mm distal to the USP. The differences between the two studies could 
be attributed to the different definition of the major branches Mok et al. (2006) used in 
their study. They described the major branches as being the nerves terminating in the 
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dorsal digits with no further divisions, whereas this study considered the division 
points as they occur along the course of the DBUN.    
These anatomical measurements are important to appreciate when performing a direct 
approach to the subcutaneous border of the ulna where the DBUN is at high risk of 
injury such as in cases of open reduction and internal fixation of ulna fractures, 
treatment of delayed union or non-union of ulnar fractures and chronic osteomyelitis, 
osteotomy of the ulna and lengthening or shortening of the ulna (Le Corroller et al., 
2013). Injury to the DBUN could be presented as dysesthesia and numbness to the 
dorsomedial area of the hand. It can also result in neuroma formation which is usually 
more painful and disabling to the patient than sensory disturbances.  
Moreover, understanding the anatomy and course of the DBUN is important in 
planning and preparing nerve grafts of up to 100 mm. Neurovascular flaps from the 
DBUN are preferable because of their limited donor site morbidity, cosmetic 
advantages, restricted vascular sacrifice, and the simple and rapid dissection required in 
their preparation. It is also important to appreciate the anatomical relations of the 
DBUN in planning nerve blockade, assessing iatrogenic injuries and restoration of 
sensory innervation after UN lesions. 
The DBUN is at risk during wrist arthroscopy as it passes close to the 6 Radial (6R) 
portal. Grechenig et al. (1999) reported that the most common complication found after 
performing wrist arthroscopy on 96 patients was irritation of the DBUN, reported in 
3.1% of cases. The nerve consistently crossed a line between the USP and the fourth 
webspace. The DBUN crossed this line 18.1±9.1 mm distal to the USP corresponding to 
19.4±9.6% of the distance between the USP and the fourth webspace. Tindall et al. 
(2006) found the DBUN to be more constant crossing the same line 24 mm (range: 18-
28 mm) distal to the USP, corresponding to a point 23±2.5% of the distance between 
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the USP and the fourth webspace. In their study, Tindall et al. (2006) recommend that 
the 6R portal is placed in the proximal 19% of the distance to avoid injury to the DBUN. 
However, according to the results obtained from the current study, the DBUN crossed 
the distance between the USP and the fourth webspace within the proximal 19% in 
almost 50% of the specimens. Agreeing with Tindall et al. (2006) that this area should 
be approached with caution and that those measurements should not be taken as 
absolute reference.     
4.2.3. Sensory distribution in the dorsum of the hand 
Anatomical textbooks usually describe the sensory distribution in the dorsum of the 
hand as being supplied by the SBRN and the DBUN. Gray’s Anatomy for Students 2nd 
edition describe the innervation territory of the SBRN as supplying “the dorsolateral 
aspect of the palm and the dorsal aspects of the lateral three and one-half digits distally to 
approximately the terminal interphalangeal joints”; however, illustrations show that the 
innervation territory extends only to the dorsal skin covering the lateral three digits 
(Drake et al., 2010). A similar discrepancy between text and illustrations is present 
describing the DBUN innervation territory. While the text describes the DBUN as 
innervating the dorsal skin covering the medial one and half digits, the illustration 
shows the innervation territory to extend to cover the dorsal skin covering the medial 
two digits (Drake et al., 2010). Similarly, illustrations are shown in Gray’s Atlas of 
Anatomy where the SBRN innervates the dorsal skin covering the lateral three digits 
whereas the DBUN innervates that covering the medial two digits (Drake et al., 2008). 
In other textbooks (Moore et al., 2011; Moore et al., 2013), the dorsum of the hand 
innervation is illustrated to show the classical description of the SBRN innervating the 
dorsal two thirds of the dorsal hand and the dorsal skin covering the lateral three and 
half digits, with the DBUN innervating the rest of the hand.  
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Grant’s Atlas of Anatomy 12th edition shows the dorsum of the hand to be split between 
the two nerves at the middle of the ring finger: the SBRN innervating half of the dorsum 
hand and the dorsal skin covering the lateral three and half digits whereas the DBUN 
innervates the medial half of the dorsal hand and the dorsal skin covering the medial 
two and half digits. The atlas also shows several variations in the innervation of the 
dorsum of the hand (Agur et al., 2009). 
An understanding of the sensory distribution in the dorsum of the hand comes mainly 
from historical large studies such as that conducted by Stopford (1918) examining 
gunshot victims from World War I. By testing for sensory loss, it was possible to 
describe the outline known today. In UN injuries, the study described anaesthesia in 
the medial one and half digits in 79%, and in the entire little and ring fingers in only 
15% setting the typical distribution of the DBUN to be limited to the medial dorsum of 
the hand and the skin covering the medial one and half digits. Although significant, the 
study set loss of sensation as the variable tested which could be misleading when it 
comes to outlining the extent of the sensory distribution of the dorsal nerves. Such a 
definition does not account for communicating branches between the dorsal nerves 
and/or other nerves in the area that allows for exchange of fibres and thus sensory 
retention in an area that is supposed to be anaesthetised if the injured nerve was solely 
responsible for innervating that area. In another study, Linell (1921) reported that the 
typical distribution of the medial one and half digits was only found in 12.5% of cases, 
whereas the DBUN extended to innervate the skin covering the medial two and half 
digits in 68.8%. Auerbach et al. (1994) also reported that the SBRN innervated the 
dorsal skin covering the lateral three digits in 55%, and followed the typical description 
of innervating the lateral three and half digits in only 5%.  In a more recent study by 
Mok et al. (2006), the DBUN was found to follow the classical description of 
innervating the medial one and half digits in only 13.3%. In the current study, the SBRN 
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was found to follow the classical description and solely innervate the lateral three and 
half digits in only 18.7%. It was noted that the SBRN extended less medially than the 
classical description agreeing with the results of Mok et al. (2006). The most common 
distribution found in the current study was the SBRN innervating the lateral dorsal 
skin and the skin covering the lateral two and half digits. Furthermore, the DBUN was 
found to innervate the medial dorsal skin and the skin covering the medial two and half 
digits in 38.0% setting it as the most common pattern. Similarly, Vergara-Amador and 
Nieto (2010) reported that the most common branching pattern of the SBRN seen in 
56% extended to innervate the lateral two and half digits.   
Electrophysiological studies have also highlighted the variability of the distribution 
patterns in the dorsum of the hand.  Stappaerts et al. (1996) mentioned that action 
potential results were obtained from the little and ring fingers in 52% after stimulation 
of the DBUN, and from the middle finger in 26% after stimulating the same nerve. Laroy 
et al. (1998) mentioned that the action potential is reduced laterally to medially when 
the SBRN was stimulated and medially to laterally when the DBUN was stimulated 
and become increasingly unobtainable at the level of the ring finger.  
It is not uncommon for the SBRN and DBUN to communicate in the dorsum of the 
hand1 changing the sensory distribution in the dorsum of the hand. In the current 
study, the two nerves communicated in 37  (26.4%) cases altering the sensory 
innervation on the medial side of the ring finger and lateral side of the middle finger in 
the majority of cases (31/37; 83.8%); however, it is still possible for the communication 
to affect other areas as the lateral side of the middle finger and the medial side of the 
index finger, and the medial side of the middle finger as seen in the current study in 
8.1% (3/37) and 5.4% (2/37) of cases respectively. Furthermore, dual innervation where 
the two nerves overlap and contribute to the innervation of the same territory with no 
                                                          
1 The dorsal communicating branch between the SBRN and the DBUN is discussed  in the next section 
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clear communication has been reported in the literature. Mok et al. (2006) reported 
dual innervation in 10/30 (33.3%) where both nerves supply the medial side of the 
middle finger and the lateral side of the ring finger (6/10),  the medial side of the middle 
finger (3/10), and the medial side of the ring finger (1/10). In the current study, dual 
innervation was noted in only 4 cases (2.9%) affecting the medial side of the middle 
finger and the lateral side of the ring finger in two cases, and the medial side of the 
middle finger only in the other two. Communicating branches and dual innervation in 
the dorsum of the hand can complicate the interpretation of the velocity test results by 
producing a low or absent response; create complications during surgery, and leads to 
misevaluation of nerve pathology if the clinician is not aware of their presence.     
LABCN can contribute to the innervation of the dorsum of the hand. It was also 
reported that the LABCN completely takes over the innervation of the lateral side of the 
thumb when SR3 is absent (Madhavi and Holla, 2003; Huanmanop et al., 2007; Korcek 
and Wongworawat, 2011). Such variation was noticed in one case in the current study. 
The incidence rate for the communication between the two nerves varies between 20.8-
43% in the literature. Interestingly, in the current study, the SBRN communicated with 
the LABCN in 30.0% of cases of which the LABCN communicated with SR3 allowing 
both nerves to contribute in the innervation of the lateral side of the thumb (37/45; 
82.6%) and communicated to the main trunk of the SBRN allowing both nerves to 
contribute in the innervation of the entire territory of the SBRN (8/45; 17.4%). Martín 
Inzunza et al. (2011) reported a similar case where the LABCN communicated with the 
SBRN and continued to supply the entire SBRN territory. Clinicians evaluating 
neuromas, nerve pathology and sensory disturbances in the dorsum of the hand should 
be aware of the possible involvement of the two nerves.  
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Full supply of the dorsum of the hand by the SBRN with the absence of the DBUN has 
been described in the literature. Dissection based studies and velocity conduction 
studies report different incidence rates. In dissection based studies it was found in 
4.16% as reported by Botte et al. (1990), 3.3% by Mok et al. (2006), 5.5% by Tiznado et 
al. (2012) and 8% by Robson et al. (2008). In velocity conduction studies it was 
reported in 19% by Pollak et al. (2013) and 12.9% by Stappaerts et al. (1996). In the 
current study it was found in 6.7% of cases. Failure to recognize the presence of this 
pattern can lead to misinterpretation of the velocity conduction test results and nerve 
injury promoting inappropriate treatment and unnecessary surgical intervention. If a 
response from the DBUN cannot be obtained, a full investigation of the hand is 
recommended.  
Patterns of innervation in the dorsum of the hand are variable across individuals; 
however, it is also variable between the two hands of the same individual. Investigating 
30 fetuses, asymmetry between left and right hand sides was found in 17% as reported 
by Gupta et al. (2012). In another study performed on 40 Thai cadavers, asymmetry was 
observed in 42.5% of the cases (Huanmanop et al., 2007). In velocity conduction 
studies, Stappaerts et al. (1996) reported symmetry for the dorsum of the hand after 
stimulating both SBRN and DBUN in 29% of the cases only, whereas Dutra de Oliveira 
et al. (2000) reported significant differences in the results obtained in 21%. It is 
important to appreciate the differences between the two sides of the same individual. 
In the current study, symmetry was found in 43.2% of cases. The electrophysiological 
test results obtained from the healthy hand should not be used as an absolute reference 
to evaluate pathology in the other hand. 
Electrophysiological studies are an important tool in mapping sensory nerves in the 
hand; however, they should be used with caution. Low or absent responses when the 
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nerves are stimulated does not necessarily mean that the tested nerve is absent as nerve 
axons could be too few and/or their diameter too small to produce an action potential 
high enough to be recorded. This explains the differences in incidence rate of all-radial-
supply between dissection based and velocity conduction studies. Not appreciating the 
presence of the communicating branches can lead to misdiagnosis of neural entrapment 
and pathologies in the wrist and forearm. Moreover, asymmetry is not uncommon in 
the dorsum of the hand and the healthy hand should not be considered an absolute 
reference when evaluating pathologies in the other hand. Full hand investigation is 
recommended to have a better understanding of the pattern of the dorsal nerves and 
thus avoid preoperative and postoperative complications.     
4.2.4. Dorsal communicating branch between the superficial branch of the 
radial nerve and the dorsal branch of the ulnar nerve 
The sensory innervation of the dorsum of the hand can be quite variable. The presence 
of a dorsal communicating branch (CB) between the SBRN and the DBUN can explain 
sensory deviations in the dorsum of the hand. It can provide collateral pathways for 
nerves to supply a region otherwise anaesthetised due to injury or pathology. In 
electrophysiological studies, the presence of dorsal CB can alter the results leading to 
misdiagnosis and unnecessary therapeutic measures. Furthermore, it can be a 
complicating factor if injured during surgical procedures to the dorsum of the hand. 
The dorsal CB is at risk of injury during surgical procedures performed in the dorsum of 
the hand such as fracture repairs of the fourth and fifth metacarpal bones, and dorsal 
approaches to the carpal tunnel resulting in sensory disturbances and painful neuroma 
formation. Consequently, understanding the topography and the common location of 
the dorsal CB is important to properly diagnose and treat various hand related 
pathologies.  
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The dorsal CB was reported in the literature with various incidence rates. Botte et al. 
(1990) found it in one specimen of 24 (4.16%), Auerbach et al. (1994) reported it in 15% 
of the 20 hands explored,  while Loukas et al. (2008) investigated 200 formalin fixed 
adult cadaveric hands and reported the incidence of the communicating branch 
between the DBUN and the SBRN to be 60% (120/200). Interestingly, in their study of 
30 cadaveric hands outlining in detail the different nerves contributing to the dorsal 
innervation of the hand, Mok et al. (2006) made no mention of the dorsal CB.  
The DBUN is usually used for preparing nerve grafts for its minimum donor morbidity. 
Cavusoglu et al. (2011) reported that due to the many communications between the 
DBUN and the SBRN in the dorsum of the hand, excision of the DBUN may not result 
in numbness. However, in the current study the dorsal CB was only found in 26.4% of 
cases. Collateral, dual and dorsal CB can explain the minimal sensory loss in the donor 
site, but according to the results obtained from this study, clinicians need to be careful 
not to develop therapeutic choices on inaccurate assumptions.      
Loukas et al. (2008) suggested classifying the dorsal CB into four types based on the 
direction of the CB. The current study suggests classifying the dorsal CB into three 
types based on the number of attachment points between the SBRN and the DBUN: 
Type I:  The CB had a single attachment to the SBRN and the DBUN.  
A. CB attached proximally to the SBRN 
B. CB attached proximally to the DBUN 
C. CB attached to the SBRN and the DBUN at the same level 
Type II: The CB had multiple attachment points to both the SBRN and DBUN.     
247 
 
Type III:  The DBUN and SBRN both gave a branch that merged and sent branches 
to the dorsum of the hand. 
Type I A, I B and I C correspond to the Types I, II and III suggested by Loukas et al. 
(2008) respectively. Types I A, I B and I C were found in 10.8%, 18.9% and 2.7% in the 
current study; however were found in 59.1%, 19.1% and 3.3% by Loukas et al. (2008). 
The most common type found in this current study was Type III (56.8%).  
Loukas et al. (2008) described a risk zone where the dorsal CB is most likely to be 
found. The dorsal CB was found 41% of the distance between the USP and the fourth 
metacarpophalangeal joint with a range of 12-78%. With such a big range, the authors 
used a prevalence of 85% of the samples to make the risk area smaller and more useful 
and reported the dorsal CB to be present between 28-60% of the distance between the 
USP and the fourth metacarpophalangeal joint (Loukas et al., 2008). In the current 
study, the dorsal CB was defined by its proximal and distal attachment points. The 
proximal attachment of Type I of the dorsal CB was found between -7.6-85.6% of the 
distance between the third MCP joint and the BSL, whereas the distal attachment was 
found between 32.9-98.4% of the same distance. With the large variability in the 
dorsum of the hand and limited number of samples, it is difficult to identify a risk-zone. 
The majority of cases in this study belong to Type III (56.8%) where the merging point 
of the two nerves was at 83.9±17.0% of the distance between the third MCP joint and 
the BSL. This type has not been described before in the literature. In their study 
detailing the nerves in the dorsum of the hand, Mok et al. (2006) suggested a safe area 
where no nerves pass through in the dorsum of the hand. The suggested area overlaps 
with the risk area suggested by Loukas et al. (2008) and with the findings of this 
current study. In their study of the nerves of the dorsum of the hand, Cirpar et al. 
(2012) reported that the great variability of the branching patterns of the dorsal nerves 
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and the presence of communicating branches between nerves prevents any suggestion 
of a safe zone in the dorsum of the hand. 
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5. Conclusion 
Understanding the cutaneous innervation of the hand is the first step in understanding 
hand anatomy. With the on-going effort to decrease postoperative complications and 
provide high quality medical services, an understanding of the anatomy of the 
cutaneous nerves of the hand, their distribution, CBs, and variations is essential for 
assessing and managing various clinical conditions. The description of the typical 
anatomy and innervation areas in the hand needs to be reassessed. Textbooks usually 
describe the typical anatomy ignoring important anatomical anomalies and their 
clinical significance. The literature, on the other hand, gives vague and sometimes 
contradicting reports on the incidence, course and characteristics of the sensory nerves 
of the hand. Although important, some reports give confusing descriptions and unclear 
measurements limiting the use of the data in clinical settings. The main aim of this 
project was to clarify the complex relations of the cutaneous nerves of the hand and 
evaluate their significance in clinical settings.  
The PCBMN has been described in many reports in the literature. However; studies 
have usually been conducted on a limited number of samples, on cadavers who 
underwent different fixation methods, and by using different bases of measurement and 
classification influencing the consistency of the descriptions of the anatomical 
characteristics of the nerve and leading to variable and sometimes confusing reports.  
The origin point of the PCBMN has been used to describe the intraneural origin, 
detachment point, and the point where the PCBMN can be distinguished from the MN 
but still enclosed in the same neural sheath. Moreover, reports have failed to agree on 
the description of the branching patterns and the basis of classifying those patterns. 
The PCBMN was classified by the number of branches emerging from the MN, the sub-
branches coming off the PCBMN or/and the territory innervated by each sub-branch. 
250 
 
The current study suggests a classification system based on the number and direction 
of the sub-branches coming off the PCBMN and incorporating other patterns described 
in the literature. The current study also highlights variations to the most common 
branching patterns described, the origin of the nerve from the main trunk of the MN, 
the relationship of the nerve to other structures in the distal forearm and 
communications with other nerves in the region. Knowledge of the anatomical 
characteristics of the PCBMN and the appreciation of possible variations in the distal 
forearm and proximal palm is important to properly diagnose and evaluate pathologic 
or postoperative signs and avoid injuries to the nerve during surgical interventions to 
the distal forearm and proximal palm. 
The CDNs have been neglected in the literature. With few studies describing their 
branching points to PDNs and their relationship to other structures in the palm. The 
current study describes the CDNs division points to PDNs to various bony landmarks 
with absolute and relative values providing clinicians with indices that can be used as a 
tool in clinical procedures (Figure 5.1 A).  
The UN innervates the palmar and dorsal medial hand and the skin covering the medial 
1½ digits by the superficial branch of the UN that originates from the UN as it passes 
through Guyon’s canal, and the DBUN which originates from the UN in the distal 
forearm and courses dorsally to supply the medial dorsal hand. The current study 
investigated the branching pattern of the UN in Guyon’s canal, discussed variations 
and communicating branches present in the area, and suggested a scheme to classify the 
neural contribution supplying the palmar skin of the little and medial side of the ring 
finger. Neural contributions, other than from the UN, are overlooked and sometimes 
underestimated in the literature. The suggested classification emphasises the possible 
palmar-dorsal communications (Kaplan anastomosis) and median-ulnar 
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communications which could be a source of postoperative complications if injured 
during surgical interventions in the area. Moreover, the DBUN is at risk during clinical 
procedures performed to the distal ulna or the wrist area. Understanding the course of 
the DBUN will help clinicians to preserve the nerve during these procedures and help 
to better evaluate and assess the nerve involvement in hand neuropathology. 
Furthermore, knowledge of the anatomical relation of the DBUN will aid in the 
preparation and planning of nerve grafts.  
The palmar CB has been investigated in the literature; however, with different and 
often contradicting reports regarding incidence rate, branching patterns and most 
common location. The current study investigates discrepancies in previous reports and 
suggests a classification scheme incorporating other systems mentioned in the 
literature. This study also outlines a risk-zone where the palmar CB is most likely to be 
found (Figure 5.1 B). Recognizing the topography of the palmar CB is important to 
understand palmar sensory alteration to the typical description and to properly 
evaluate possible nerve involvement following surgical procedures in the palmar area. 
The study also provides guidelines of where the palmar CB is most likely to be found in 
relation to various anatomic landmarks which can be helpful to surgeons in avoiding 
injury to the CB during any surgical intervention in the area.  
Risk areas where the palmar CB, division points of the CDNs into PDNs, CBs in the 
medial side of the palm are most likely to be found are illustrated in Figure 5.1.        
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Figure 5.1:  Risk areas in the palm. (A) Risk area representing the location of the 
division points of the common digital nerves into proper digital nerves, 
Yellow boxes represent the full range, Red boxes show the high risk 
area of 80% of the samples; (B) Risk area where the palmar 
communicating branch between the median and ulnar nerves is most 
likely found (incidence rate 86.9% in the current study), Light blue box 
represent the full range, dark blue box show the high risk area of 80% 
of the samples; (C) Green area shows the most common location of 
Kaplan anastomosis (incidence rate 4.2% in the current study); Orange 
area represents the risk area where the motor division of the ulnar nerve 
sends a communicating branch into the PDN of the medial side of the 
little finger (incidence rate 4.9%); Purple area represents the risk area 
where the fourth CDN sends a communicating branch to the PDN of 
the medial side of the little finger (incidence rate 7.7% in the current 
study); the location of the green, orange and purple area are based on 
observations. 
C 
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The SBRN can be at risk directly due to trauma or injury in cases of fracture, 
compressive bracelets or watches; or indirectly as a result to treatment of fractures or 
during clinical procedures such as wrist arthroscopy, radial artery harvest, blood gas 
testing, cephalic vein cannulation and De Quervain’s release. Understanding the 
anatomical course of the SBRN and its relationship to other structures in the distal 
forearm and wrist is vital for safe clinical practice. Moreover, appreciation of possible 
variations and communicating branches with other nerves in the area will aid clinicians 
to better assess and evaluate neuropathologies.  
The literature has differed in the description of the sensory distribution territories in 
the dorsum of the hand with many studies giving different and inconstant reports and 
findings. Electrophysiological studies have also been conducted to better understand 
the sensory distribution in the dorsum of the hand; however, they provided different 
incidence rates to patterns and variations than those mentioned by dissection based 
studies. The most common branching pattern in the dorsum of the hand found in the 
current study is illustrated in Figure 5.2. Dorsal communicating branches can explain 
the deviation in the sensory distribution from the typical descriptions; however, the 
literature has differed in the incidence rate of these CBs, and often ignored their 
presence in the dorsum of the hand. The current study discusses the sensory 
distribution in the dorsum of the hand, gives incidence rates for the common patterns 
and variations to those patterns. It also discusses the different CBs in the dorsum of the 
hand and their significance in clinical settings. Understanding the sensory distribution 
in the dorsum and possible CBs is important to better diagnose signs and symptoms 
presented and assess the involvement of different nerves. Knowledge of the variations 
in the sensory distribution helps to correctly interpret velocity conduction studies 
results thus better design and implement an appropriate therapeutic plan. Risk areas 
where the dorsal CB between the SBRN and DBUN (Type III) is most likely to be found 
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Area 
innervated by 
the DBUN 
Area 
innervated by 
the SBRN 
Figure 5.2:  The most common sensory innervation pattern and risk areas in the 
dorsum of the hand as found in the current study. Yellow box 
represent full range of the most common location of the dorsal 
communicating branch between the superficial branch of the radial 
nerve (SBRN) and the dorsal branch of the ulnar nerve (DBUN) 
(Type III) relative to the distance between the third 
metacarpophalangeal joint and the middle of the bistyloid line, 80% 
of the samples are found in the area indicated by the red box;  Light 
green area represent the full range of the area where the DBUN  
crosses a line extending between the ulnar styloid process and the 
fourth webspace, 80% of the samples are found in the area indicated 
by the dark green box; Pink area represent a risk area where the 
lateral antebrachial cutaneous nerve communicate with the SBRN 
(incidence rate 30.0%, this area is based on observations). 
and where the DBUN courses through a line between the USP and the fourth webspace 
are illustrated in Figure 5.2. 
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With the continuous development of clinical procedures and techniques, a detailed 
knowledge and understanding of the typical anatomy, course, patterns of distribution 
and the appreciation of possible variations of the nerves of the hand is essential for safe 
and optimal clinical practice.  This study described the course of the cutaneous nerves 
in the hand and their relations to other structures in the distal forearm and wrist. It 
outlined the most common topographical patterns of these nerves, variations to these 
patterns and their clinical significance. Using morphometric data, the most common 
location of palmar CBs were outlined with reference to identifiable landmarks. The 
findings obtained from this study will help clinicians to plan and prepare various 
procedures in the distal forearm and wrist. It will help in evaluating the involvement of 
different nerves by better assessing signs and symptoms presented in different hand 
neuropathologies. Moreover, it will have a positive impact in reducing postoperative 
complications and increasing patient satisfaction. Furthermore, knowledge of the 
anatomical course and appreciation of possible variations and communicating branches 
of the cutaneous nerves of the hand will provide opportunities to create novel 
procedures in the wrist and hand.   
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8. Appendix II 
 
Table 8.1: Palmar cutaneous nerve of the median nerve (PCBMN) results expressed 
as incidence rates: 
Measurements Incidence 
rate (%) 
PCBMN origin side from the main trunk of the median nerve: 
Lateral side 93.5 
Posterolateral side 1.6 
Medial side 1.6 
Anterior side 3.3 
Two PCBMNs  8.9 
PCBMN relationship to other anatomical structures: 
PCBMN passed through the fascia of flexor carpi radialis 8.3 
PCBMN passed posterior to the tendon of flexor carpi radialis 4.2 
PCBMN passed superficial to the palmar carpal ligament 16.1 
PCBMN passed deep to the palmar carpal ligament 12.5 
Branching types of the PCBMN: 
Type I 40 
Variations to Type I 9.1 
Type II 36.4 
Type III 14.5 
Communications with other nerves in the area: 
With the lateral antebrachial cutaneous nerve 4.1 
With the superficial branch of the radial nerve 0.8 
With the recurrent motor branch of the median nerve 1.6 
With the palmar cutaneous nerve of the ulnar nerve 0.8 
With the first common digital nerve 0.8 
 
Table 8.2: Anatomical measurements recorded for the palmar cutaneous branch of 
the median nerve (PCBMN) (mm) 
 Mean SD Max Min 
Origin from main trunk 54.1 15.7 138.4 22.1 
Detaches from main trunk 41.2 14.0 114.9 16.2 
Length of PCBMN tunnel 11.3 3.4 24.5 5.7 
Angle (degrees) 43.9 14.7 85.0 15.0 
Distance of 1st branch to wrist crease 1.2 8.1 21.5 -18.2 
Origin  of the proximal branch from main 
trunk of the median nerve 
70.9 20.6 100 42.1 
Detachment of the proximal branch from 
main trunk of the median nerve 
55.9 18.9 85.7 29.9 
Origin  of the distal branch from main trunk 
of the median nerve 
64.8 17.8 92.3 42.1 
Detachment of the distal branch from main 
trunk of the median nerve 
46.5 16.7 77.0 27.9 
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Table 8.3: Common digital nerves (CDNs) results expressed as incidence rates: 
Measurements Incidence 
rate (%) 
First CDN branching pattern 
Type I 70.8 
Type II 27.1 
Type III 2.1 
The second CDN was found to divide at a point located distal to the 
70% of the distance between the third MCP1 joint and the BSL2 
94.3 
The Third CDN was found to divide at a point located distal to the 
70% of the distance between the third MCP joint and the BSL 
99.2 
The Fourth CDN was found to divide at a point located distal to the 
70% of the distance between the third MCP joint and the BSL 
73.6 
                                                          
1 Metacarpophalangeal  
2 Bistyloid line 
 
Table 8.4: Absolute measurements for the branching points of the common digital 
nerves (CDNs) into proper digital nerves in the palm (mm)  
  Mean SD Max Min 
First common digital nerve 
(CDN) first division  
ST 29.9 5.4 54.3 16.7 
BSL 45.3 6.1 63.5 32.4 
First CDN second division  
ST 35.5 7.1 63.3 16.9 
BSL 51.7 7.4 71.9 35.4 
Second CDN division 
ST 59.8 7.9 81.1 42.9 
BSL 74.1 9.1 94.7 42.3 
Third CDN division  
ST 66.1 7.38 86.2 49.1 
BSL 78.9 7.7 99.5 60.1 
Fourth CDN division  
Pisiform 65.2 7.4 83.9 49.3 
BSL 72.6 7.7 92.2 55.0 
 
Table 8.5: Branching points of the common digital nerves (CDNs) into the proper 
digital nerves to the distance between the third metacarpophalangeal 
joint and the bistyloid line (%) 
 Mean SD Max Min 
First common digital nerve (CDN) 
first division 
51.2 5.3 63.3 40.2 
First CDN second division 58.7 7.2 76.9 41.6 
Second CDN division 83.8 8.6 101.5 39.4 
Third CDN division 89.3 6.3 108.1 65.3 
Fourth CDN division  74.2 7.6 93.7 55.4 
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Table 8.6: Ulnar nerve (UN) results expressed as incidence rates: 
Measurements Incidence 
rate (%) 
UN branching pattern based on the number of branches at the division point 
as suggested by Bonnel and Vila (1985) 
Type I 80.4 
Type II 19.6 
UN branching pattern based on the branches contributing to the innervation 
of the little and medial side of the ring finger 
Type I A 75.5 
Type I B 18.2 
Type II A 3.5 
Type II B 2.1 
Communications on the medial side of the hand:  
The fourth CDN1 can communicate with the PDN2 crossing the 
hypothenar eminence 
7.7 
the deep motor branch sent a communicating branch through the 
hypothenar muscles to connect with the PDN to the medial side of 
the little finger 
4.9 
                                                          
1 Common digital nerve 
2 Proper digital nerve to the medial side of the little finger 
 
 
Table 8.7:  The first and second division points of Type I and the point of 
trifurcation of Type II to the proximal edge of the pisiform (mm) 
 Mean SD Max Min 
Ulnar nerve  division into deep & superficial 
(Type I first division point) 
13.6 4.0 22.1 1.8 
Superficial branch division into the 4th CDN1 & 
PDN2  (Type I second division point) 
25.2 4.6 37.2 13.1 
Ulnar nerve trifurcation into deep, 4th CDN & 
PDN (Type II trifurcation point) 
14.9 4.1 22.42 7.7 
                                                          
1 Common digital nerve 
2 Proper digital nerve to the medial side of the little finger 
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Table 8.8: Palmar communicating branch (CB) between median nerve and the 
ulnar nerve results expressed as incidence rates: 
Measurements Incidence 
rate (%) 
Palmar CB branching pattern based on the proximal and distal attachment 
points 
Type I A 61.2 
Type I B 21.4 
Type II A 4.1 
Type II B 1.0 
Type III A 2.0 
Type III B 3.1 
Type IV 4.1 
Type V 3.1 
 
Table 8.9: Distances measured for the proximal and distal attachments of the 
palmar communicating branch (CB) to different anatomical landmarks 
(mm) 
Distance between: Mean SD Max Min 
Proximal attachment of CB to TCL1 5.3 5.2 19.4 -10.6 
Distal attachment of CB to TCL 16.4 6.4 39.5 1.3 
Proximal attachment of CB to WC2 32.3 5.8 46.6 20.5 
Distal attachment of CB to WC 43.9 6.6 60.6 27.8 
Proximal attachment of CB to BSL3 43.6 7.1 64.5 30.8 
Distal attachment of CB to BSL 52.6 7.4 69.2 38.1 
                                                          
1 Transverse carpal ligament  
2 Wrist crease 
3 Bistyloid line 
 
Table 8.10: Distances measured for the proximal and distal attachments of the 
palmar communicating branch (CB) to the distance between the third 
metacarpophalangeal (MCP) joint and the wrist crease (WC) or the 
bistyloid line (BSL) (%) 
Distance between: Mean SD Max Min 
Proximal attachment of CB to the distance 
between the third MCP joint and the WC 
40.7 7.1 60.3 25.9 
Distal attachment of CB to the distance 
between the third MCP joint and the WC 
55.0 8.5 79.3 36.6 
Proximal attachment of CB to the distance 
between the third MCP joint and the 
middle of the BSL 
49.1 5.9 60.5 34.5 
Distal attachment of CB to the distance 
between the third MCP joint and the 
middle of the BSL 
59.1 6.3 75.4 41.8 
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Table 8.11: Superficial branch of the radial nerve (SBRN) results expressed as 
incidence rates: 
Measurements Incidence 
rate (%) 
SBRN originated proximal to the lateral epicondyle 13.7 
SBRN pierced the tendon of brachioradialis to become 
subcutaneous 
2 
SBRN divided for the first time after it became subcutaneous into 
three branches 
2.7 
The SBRN communicated with the lateral antebrachial cutaneous 
nerve  
30.7 
Branching pattern of the SBRN  
Type I  37.3 
 Type I A 5.3 
 Type I B 30.7 
 Type I C 1.3 
Type II 23.3 
 Type II A 2 
 Type II B 2 
 Type II C 16.7 
 Type II D 2 
 Type II E 0.7 
Type III 29.3 
 Type III A 4 
 Type III B 18.7 
 Type III C 3.3 
 Type III D 3.3 
Type IV 1.3 
Type V 2 
Type VI 6.7 
 Type VI A 0.7 
 Type VI B 1.3 
 Type VI C 3.3 
 Type VI D 1.3 
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Table 8.12: Measurements of the closest branches of the superficial branch of the 
radial nerve (SBRN) to various anatomical points (mm) 
 Mean SD Max Min 
Closest palmar branch at the level of the RSP1 8.5 4.1 17.8 0.7 
Closest dorsal branch at the level of the RSP 4.9 3.0 14.7 1.1 
Closest palmar branch to a point 25 mm 
proximal to the RSP 
5.6 3.4 15.1 0 
Closest dorsal branch to a point 25 mm 
proximal to the RSP 
4.1 2.6 10.9 0 
Closest branch to Lister’s tubercle 14.1 3.8 23.1 4.6 
First intersection between the SBRN and the 
cephalic vein   
47.9 19.3 93.6 6.7 
SBRN diameter prior to its first division 3.2 0.8 5.8 1.94 
                                                          
1 Radial styloid process 
 
Table 8.13: The major division points of the superficial branch of the radial nerve to 
the radial styloid process (mm) 
 Mean SD Max Min 
First division point into palmar and dorsal 
branches 
-51.4 14.9 -14.5 -85.0 
Palmar branch: Second major division point  -4.9 21.7 48.5  -54.0  
Dorsal branch:  Second major division point -4.6 14.4 26.8 -48.2 
Palmar branch: Third major division point 22.2 24.0 73.2 -30.7 
Dorsal branch: Third major division point 22.3 13.1 62.2 -31.6 
 
 
Table 8.14: Anatomical measurements recorded for the dorsal branch of the ulnar 
nerve (mm)  
 Mean SD Max Min 
Origin from the ulnar nerve to the 
proximal edge of the pisiform 
63.3 14.8 110 26.7 
Origin from the ulnar nerve to the USP1 61.3 21.0 140 18.5 
Pierced the fascia  18.1 7.1 33.1 1.74 
Closest branch to USP 6.8 3.1 14.0 0.4 
First major branching point -3.4
2 17.4 53.4 -38.7 
Second major branching point 39.2 13.2 73.6 -8.8 
                                                          
1 Ulnar styloid process 
2 Minus signs indicate that the point were located below the level of the respective landmark 
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Table 8.15: Sensory innervation in the dorsum of the hand with reference to digits 
  
SBRN1 DBUN2 UD3 
Total 
  n % n % N % 
Index lateral 150 100.0 0 0.0 0 0.0 150 
 
medial 147 98.0 0 0.0 3 2.0 150 
Middle lateral 146 97.3 0 0.0 4 2.7 150 
 
medial 57 38.0 57 38.0 36 24.0 150 
Ring lateral 28 18.7 89 59. 3 33 22.0 150 
 
medial 15 10.0 135 90.0 0 0.0 150 
Little lateral 14 9.3 136 90.7 0 0.0 150 
 
medial 10 6.7 140 93.3 0 0.0 150 
                                                          
1 Superficial branch of the radial nerve 
2 Dorsal branch of the ulnar nerve  
3 Undetermined regions where one nerve could not be assigned due to SBRN and DBUN communication 
or dual innervation 
 
Table 8.16: Sensory innervation in the dorsum of the hand communications 
expressed as incidence rates: 
Measurements Incidence 
rate (%) 
SBRN1 communicated with the LABCN2 30.0 
LABCN contributed to the innervation on the lateral side of the thumb 
by connecting to the palmar branch of the SBRN 
24.7 
 
LABCN contributed to the innervation of the entire territory 
innervated by the SBRN by communicating with the main SBRN trunk 
5.3 
The DBUN3 and the SBRN communicated in the dorsum surface of the 
hand 
26.4 
The dorsal communicating branch affected branches supplying  
The lateral side of the ring finger and medial side of the middle finger 20.7 
The lateral side of the middle finger and medial side of the index finger 2 
The medial side of the middle finger 1.3 
The lateral side of the middle finger 0.7 
Dual innervation where both nerves overlap and contribute to the 
innervation of the same area with no communications 
2.7 
Branching pattern in the dorsum of the hand symmetry 43.2 
                                                          
1 Superficial branch of the radial nerve 
2 Lateral antebrachial cutaneous nerve 
3 Dorsal branch of the ulnar nerve 
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Table 8.17: Dorsal communicating branch (CB) between the superficial branch of 
the radial nerve (SBRN) and the dorsal branch of the ulnar nerve 
(DBUN) results expressed as incidence rates (%)  
Measurements Incidence 
rate (%) 
Dorsal CB branching pattern  
Type I  32.4 
 Type I A 10.8 
 Type I B 18.9 
 Type I C 2.7 
Type II 10.8 
Type III 56.8 
 
Table 8.18: Anatomical measurements for the dorsal communicating branch 
between the superficial branch of the radial nerve and the dorsal branch 
of the ulnar nerve (mm) 
 Mean SD Max Min 
Proximal attachment to the BSL1 in Type I 18.5 22.0 62.9 -6.2 
Distal attachment to the BSL in Type I 51.0 21.1 93.4 25.3 
Communicating branch length in Type I 54.6 19.5 86.3 30.6 
Angle of origin in Type I 139 29.3 168 60 
The merging point recorded in Type III 71.3 9.8 85.2 55.4 
                                                          
1 Bistyloid line 
 
 
 
Table 8.19: Distances measured for the dorsal communicating branch (CB) to the 
distance between the third metacarpophalangeal (MCP) joint and the 
bistyloid line (BSL) (%) 
 
 Mean SD Max Min 
Proximal attachment to the BSL in Type I 25.4 30.6 85.6 -7.6 
Distal attachment to the BSL in Type I 65.4 24.5 98.4 32.9 
The merging point recorded in Type III 87.0 6.9 100.2 74.1
1 
                                                          
1
 Minus signs indicate that the point were located proximal to the level of the respective landmark 
